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(57) Abstract 

The production of biomass or a desired product from a cell can be improved by inducing conversion of ATP to A DP without primary 
effects on other cellular metabolites or functions which is achieved by expressmg an uncoupled ATPase activity in said cell and incubatmg 
the ceil with a suitable substrate to produce said biomass or product. This is conveniently done by expressmg in said cell the soluble 
part (F|) of the membrane bound (FqFi type) H^-ATPase or a portion of Fi exhibiting ATPase activity. The organism from which the F| 
ATPase or portions thereof is derived, or in which the Fi ATPase or portions thereof is expressed, may be selected from prokaryot&s and 
eukaryotes. In particular the DNA encoding Fi or a portion thereof may be derived from bacteria and eukaryotic microorganisms such as 
yeasts, other fungi and cell lines of higher organisms and be selected from the group consisting of the gene encoding the Fi subunit ^ or 
a ponion thereof and various combinations of said gene or portion with the genes encoding the other Ft subunits or portions thereoF The 
method can be used i.a. for optimizing the formation of biomass or a desired product by a cell by expressmg different levels of uncoupled 
ATPase activity in the cell, incubating the cell on a suitable substrate, measuring the conversion rate of substrate into biomass or the desired 
product at each level of ATPase expression, and choosmg a level of AlPase expression at which the conversion rate is optimized. 



BNOXX^ID: <WO 98100eaA1_U^ 



FOR THE PURPOSES OF INFORMATICS ONLY 

Codes used to identify Slates pany to the PCT on the front pages of pamphlets publishing international applicat.ons under the PCT, 



AL 


Albania 


AM 


Amcnia 


AT 


Autina 


AU 


Ausfrilii 


AZ 


A7j;rbai}ar 


BA 


Bosnia ard Herzegovina 


BB 


Barbados 


BE 


Belgiuir 


BF 


Burkina Faao 


BG 


Bulgaria 


BJ 


Benin 


BR 


Braiil 


BY 


B«lanu 


CA 




CF 


Central African Republic 


CG 


Congo 


CH 


SwitMfland 


CI 


C6cc d'lvotrc 


CM 


Cameroon 


CN 


Chira 


Ct 


Cuba 


C2 


Czech Republic 


DE 


Germany 


DK 


Denmarlc 


EE 


titonit 



ES 
FI 
FR 
GA 

(;b 

GE 

GH 

GN 

GR 

Ht 

IE 

IL 

IS 

IT 

JP 

KE 

KG 

KP 

KR 

KZ 

LC 

LI 

LK 

LR 



Spain 
Finland 
France 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

hraci 

Iceland 

Italy 

Japan 

Kenya 

Kyrjtyzsian 

Democratic People 4 

Republic of Korea 

Republic of Korea 

Kazakstan 

Saint Lucia 

Licchicnslem 

Sn Lanka 

Liberia 



LS Lesotho 

LT Lithuania 

LU Luxembourg 

LV Latvia 

MC Monaco 

MD Republic ot Moldova 

MG Madagascar 

MK TtK fomicr Yugoslav 
Republic of Macedonia 

ML Mali 

MN Motigolia 

MR Mauritania 

MW Malawi 

MX Mexico 

NF. Niger 

NL Ncthcrtands 

NO Norway 

NZ New Zealand 

PL Poland 

PT Portugal 

RO Romania 

RL Russian Federation 

SO Sudan 

SE Sweden 
S<i Singapore 



SI 


Slovenia 


SK 


Slovakia 


SN 


Senegal 


sz 


Swaziland 


TD 


C;had 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trirndad and Tobago 


LA 


Ukraine 


DG 


Uganda 


US 


United States of America 


tz 


Lzbckisiar 


VN 


Vici Nam 


YU 


Yugoslavia 


ZW 


Zimbabwe 



BNSOOaD: <wo 9nooeflAiJL> 



wo 98/10089 



I 



PCT/DK97/00373 



A method of improving the production of biomass or a de- 
sired product from a cell 



This invention relates to a method of improving the pro- 
5 duction of biomass or a desired product from a cell by 
inducing conversion of ATP to ADP without primary effects 
on other cellular metabolites or functions. The invention 
also relates to a method of optimizing the production of 
biomass or a desired product from a cell utilizing this 
10 first method. The desired product may for example be lac- 
tic acid produced by lactic acid bacteria and ethanol or 
carbondioxide produced by yeast. 

BACKGROUND OF THE INVENTION 

15 

A wide range of microorganisms are used for the produc- 
tion of various organic compounds and heterologous pro- 
teins. One example hereof is the production of lactic 
acid and other organic compounds by the lactic acid group 
20 of bacteria, which results in the acidification and fla- 
vouring of dairy products, better known as cheese and 
yougur t product ion . 

From the microorganism's point of view, the organic com- 
25 pounds which are excreted from the cells are often merely 
the by-product of a process that is vital to the cells: 
the production of various forms of free energy (ATP, 
NAD(P)H, membrane potential, etc.). Therefore, although 
many of the microorganisms which are being employed in 
30 these processes are reasonably well suited for the pur- 
pose, there is still a great potential for optimizing the 
productivity of these organisms when looking from the 
bioreactor point of vue . Likewise, the production of het- 
erologous proteins by a microorganism is not what the or- 
15 ganism was adapted for and also here there is a potential 
for optimization. 
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Often when microorganisms are engineered for the purpose 
of optimizing an industrial production process, the reac- 
tions leading to the desired product will affect the 
delicate balance of co-factors involved in the energy me- 
5 tabolism of the cell. For instance if the glycolytic re- 
actions producing lactate from sugar were somehow to be 
enhanced (e.g. by overexpress ing the glycolytic enzymes) 
this would automatically lead to the convertion of ADP to 
ATP. The ratio between the concentrations of ATP and ADP 

10 is usually quite high in the growing cell ([ATP] /[ADP] > 
10), and when the ratio (ATP]/[ADP] changes, the sum of 
[ATP] and [ADP] still remains virtually constant. There- 
fore, if in the example above, the enhanced production of 
ATP changes the [ATP]/[ADP] ratio from 10 to say 30, this 

IS will only marginally affect the concentration of ATP. The 
ADP concentration however will change by a factor of 
three. The cells will then hardly feel the surplus of ATP 
but the ADP pool in the cells may be depleted to such an 
extent that reactions in which ADP is a co-factor or al- 

20 losteric regulator will be suppressed by the lack of ADP, 
The result may be that the total flux through the pathway 
(here through glycolysis) is only marginally increased. 
In the future, this situation is likely to occur more 
frequently, as the productivity of bioreactors are opti- 

25 mized by other means, and in these cases, it will be even 
more important (compared to the normal cell) to regener- 
ate the ADP from ATP, in order to further increase the 
productivity . 

10 Previously, attempts have been made to decrease the in- 
tracellular ATP concentration in yeast, employing sets of 
reactions which together form futile cycles, see EP pat- 
ent No. 245 481. Often, the first reaction of a futile 
cycle is part of the regular metabolic network of the 

35 cell, for instance the phosphorylation of a glycolytic 
intermediate, coupled to the utilisation of ATP. The sec- 
ond reaction, which may also sometimes be part of the 
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metabolic network^ then de-phosphory iates the glycolytic 
without i~egGn©rating the AT P that was con- 
sumed in the first process, the overall effect being that 
a high energy phosphate bond is consumed. The limited 
5 success that this strategy has had so far, is probably 
due to the fact that it is impossible to obtain a sig- 
nificant futile flux without decreasing the concentration 
of the phosphorylated intermediate, thereby disturbing 
the cellular function and ultimately the growth. In addi- 
1(1 tion, when the approach is to decrease the concentration 
of a glycolytic intermediate, this will effectively re- 
move the substrate for the remaining part of the glycoly- 
sis, which will often result in a decreased flux thirough 
this pathway, rather than the desired increased flux. 

\5 

Other strategies have been to use chemicals such as dini- 
trophosphate to stimulate the activity of the plasma mem- 
brane H^-ATPase by the addition of uncouplers of the mem- 
brane potential, or to genetically express the enzyme 

20 acid phosphatase in the cytoplasm, an enzyme that will 
remove phosphate groups from organic metabolites and pro- 
teins. However, both of these approaches suffer from the 
same inherent problem: they are unspecific and a range of 
cellular react ions /concentrat ions may be affected. For 

25 instance, the acid phosphatase will remove phosphate 
groups from essential metabolites and proteins, thus dis- 
turbing various metabolic fluxes and metabolic regula- 
tion. The uncoupling of the plasma membrane H"^-ATPase 
will disturb the intracellular pH in addition to the gra- 
dient of numerous ions across the cytoplasmic membrane. 
Besides, the addition of chemicals such as dinitrophos- 
phate is undesirable for most purposes. 

SUMMARY OF THE INVENTION 

35 

The idea of the invention is to use a highly specific and 
clean way to increase the intracellular level of ADP, 
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which does not suffer from the limitations described 
above: to express in a well -con trol led manner an enzyme 
that has ATP-hydroly t ic activity in the living cell with- 
out producing other products and v/ithout coupling this 
5 activity to energy conservation. Such an enzymatic activ- 
ity is of course not likely to be found in a normal cell, 
because the cell would then loose some of its vital en- 
ergy reservoir . 

10 Accordingly the present invention provides a method of 
improving the production of biomass or a desired product 
from a cell, the method being characterized by expressing 
an uncoupled ATPase activity in said cell to induce con- 
version of ATP to ADP without primary effects on other 

15 cellular metabolites or functions, and incubating the 
cell with a suitable substrate to produce said biomass or 
product . 

One of the normal enzymes that comes closest to the 
20 ideal ATP-hydrolyz ing enzyme, is the membrane bound H*^- 
ATPase. This huge enzyme complex consists of two parts, 
the membrane integral part ( Fq ) and the cytoplasmic part 
(Fi). Together the two parts couples the hydrolysis of 
ATP to ADP and inorganic phosphate (Pi), to translocation 
25 of protons accross the cytoplasmic membrane, or vice 
versa, using the proton gradient to drive ATP synthesis 
from ADP and P^ . 

The method of the invention is conveniently carried out 
30 by expressing in said cell the soluble part (Fi) of the 
membrane bound (FqFi type) H^-ATPase or a portion of the 
Fi exhibiting ATPase activity. 

The membrane bound H'*"-ATPase complex is found in similar 
35 form in prokaryotic as well as eukaryotic organisms, and 
thus Fx and portions thereof expressing ATPase activity 
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can be expressed in both prokaryotic and eukatyotic 
ceils , 

The organism from which the Fl ATPase or portions thereof 
5 is derived, or in which the Fl ATPase or portions thereof 
is expressed, may be selected from prokaryotes and eu- 
karyotes, in particular from bacteria and eukaryotic mi- 
croorganisms such as yeasts, other fungi and cell lines 
of higher organisms, in particular bakers and brewers 
10 yeast. 

A particularly interesting group of prokaryotes to which 
the method according to the invention can be implemented, 
i,a. in the dairy industry, are lactic acid bacteria of 

15 the genera Lactococcus , Streptococcus , Enterococcus , Lac^ 
tobacillus and Leuconostoc , in particular strains of the 
species Lactocoocus lactls and Streptococcus thGrmophl- 
ius. Other interesting prokaryotes are bacteria belonging 
to the genera Escherichia , Zymomonas , Bacillus and Pseu- 

20 domonas , in particular the species Escherichia coll, Zy~ 
momonas mobllls , Bacll lus subtllls and Pseudomonas pu- 
tlda . 

In an expedient manner of carrying out the method accord- 
25 ing to the invention the cell is transformed or trans- 
fected with an expression vector including DNA encoding 
Fl or a portion thereof exhibiting ATPase activity under 
the control of a promoter functioning in said cell, and 
said DNA is expressed in the cell. Said DNA encoding Fi 
30 or a portion thereof may be derived from a prokaryotic or 
a eukaryotic organism, and it may bo either homologous or 
heterologous to said cell. 

The Fl part of the bacterial H"^-ATPase complex consists 
35 of several subunits that together are responsible for 
catalyzing ATP hydrolysis: the P-subunit is thought to 
carry the actual hydrolytic site for ATP hydrolysis, but 
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5 



10 



15 



n .Uro ATPase activity requires that the P-subunxt 
in vLtro Aii^dt, v-subunit 
forms a complex together with the a an 

R ^ The activity of this complex xs modulated by he 
,a3yP3)- The actr y ^^^^^^^^ ^^^^^3^^ 

e-subunit, so that tne in 

complex is five fold less than the a3TP3 =o-Pl-- 
in a specific embodiment of the method according to the 

:^J-r:::t"n;^riJpott.n^^^^^^^^^ 

.ar.ous combinations of said ,ene or portron wrth the 
,enes encoding the n subnnrts 8, a, , and . or oatalyt. 
cally active portions thereof. 

:„ particular said DNA encoding r , or a portion thereof 
,v be selected from the group consistrng of the Es 
Zr:i^^U, .t.eptococcus t.er„o..i..s »nd .actococ 

.„ cus iactis genes atpK..^ ^^T^'Z T7 V.' Z^OO 
ft atoAGDC (coding for subunits a, e), P 

P, e), atpAGDL ( „- 3tpDC (coding for subunxts 

(coding for subunits a, y, V>) > ^'^P'^^ ^ 
P, e) and atpD (coding for subunit p alone). 

particularly interesting eukaryotes are the yeasts Sac- 
Particular y p.^ffia rhodozyma or Trichoderma 

reesei, and the DNA encoding Fi or a porti 

derived from such organisms and is selected from the 
g.oup consisting of the gene encoding the subunit P o 
a portion thereof and various combinations of said gene 
or portion with the genes encoding the other subunits 
or portions thereof. 

vectors including ONA encodrng the soluble part , F i ) of 
„ .he membrane bound ,ron type, H*-.TPase or a port o 

P, exhibiting ATPase actrv.ty, derived from the lactic 
a id bacteria iactcccccus Uctis and Streptococcus t.er- 
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mophllus and from the yeasts Sacc haromyces cGrevis lac , 
Phaffia rhodozyma or Trichoderma reesei are also com- 
prised by the invention as well as expression vectors in- 
cluding such DNA under the control of a promoter capable 
5 of directing the expression of said DNA in a prokaryotic 
or eukaryotic cell. 

Specific vectors according to the invention are plasmids 
including DNA encoding the soluble part (Fi) of the mem- 

10 brane bound (FqFi type) H^-ATPase or a portion of Fj^ ex- 
hibiting ATPase activity, said DNA being derived from 
Lactocoocus lactis subsp. cremoris (SEQ ID No. 1), Lacto- 
coccus lactis subsp. lactis (SEQ ID No. 6), Streptococcus 
therwophllus (SEQ ID No. 10), Phaffia rhodozyma (SEQ ID 

15 No. 14), and Trichoderma reesei (SEQ ID No. 16). 

Further, the invention provides a method of optimizing 
the formation of biomass or a desired product by a cell, 
the method being characterized by expressing different 

20 levels of uncoupled ATPase activity in the cell, incubat- 
ing the ceil on a suitable substrate, measuring the con- 
version rate of substrate into biomass or the desired 
product at each level of ATPase expression, and choosing 
a level of ATPase expression at which the conversion rate 

2:^ is optimized. 

Often, but not always, the optimization of a given prod- 
uct flux produced by a cell will entail the attainment of 
either maximum or minimum conversion rate of a substrate. 

30 

In an expedient manner of practicing this method of the 
invention a number of specimens of said cell are trans- 
formed or transfected with their respective expression 
vector each including DNA encoding a different portion of 
35 the cytoplasmic part (Fx) of the membrane bound (FqFi 
type) H^-ATPase up to and including the entire Fi, each 
portion exhibiting ATPase activity, said DNA in each ex- 
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pression vector being under the control of a promoter 
functioning in said cell, incubating each cell specimen 
on a suitable substrate, measuring the conversion rate of 
substrate into biomass or the desired product in each 
5 specimen, and choosing a specimen yielding an optimal 
conversion rate. In a particular embodiment of this man- 
ner, which is especially suited for scientific studies, 
the promoter in each expression vector is an inducible 
promoter, and each cell specimen is grown at different 
10 concentrations of inducer in order to fine-tune the opti- 
mal conversion rate. 

In a preferred manner of practicing the above method of 
optimizing the performance of a cell a number of speci- 

15 mens of said cell are transformed or transfected with 
their respective expression vector including DNA encoding 
a portion of the cytoplasmic part (Fi) of the membrane 
bound (FqFi type) H^-ATPase up to and including the en- 
tire Fi, said portion exhibiting ATPase activity, said 

20 DNA in the respective expression vectors being under the 
control of each of a series of promoters covering a broad 
range of promoter activities and functioning in said 
cell, incubating each cell specimen on a suitable sub- 
strate, measuring the conversion rate of substrate into 

25 biomass or the desired product by each specimen, and 
choosing a specimen yielding an opt imai con vers ion rate . 
In a more preferred embodiment of this manner, which is 
well suited to establish an optimal production strain, 
the respective expression vectors include DNA encoding 

30 different such portions of Fi up to and including the en- 
tire Fi, each DNA in respective expression vectors being 
under the control of each of a series of promoters cover- 
ing a broad range of promoter activities and functioning 
in said cell , 

Also in this method of the invention the DNA encoding a 
portion of Fi up to and including the entire Fi may be 
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derived from a prokaryotic or a eukaryotic organism, and 
it may be either homologous ox" heterologous to said or- 
ganism. The specific DNAs mentioned above may also con- 
veniently be employed in this method. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1. A linear representation of the piasmids con- 
structed for modulating the cellular [ATP]/[ADP] ratio in 
If) E, coll (not drawn to scale). 

Figure 2. Effect of induction of F^-ATPase activity on 
the growth of E\ coll in batch culture. Cells were grown 
for more than 10 generations in minimal medium supple- 
n mented with glucose (0.4 g/1), ampicillrn (0.1 g/1) and 
the indicated concentration of inducer, IPTG. 

Figure 3. Effect of ATPase expression on the intracellu- 
lar concentration of ATP and ADP (concentration in arbi- 
20 trary units), and on the ratio [ATP] /[ADP]. 

Figure 4 Effect of increased ATPase expression on the 
glycolytic flux. 

25 DETAILED DESCRIPTION OF THE INVENTION 

Many biosynthetic reactions in the living cell (anabo- 
lism), require an input of free energy (ATP), which is 
generated through a series of degrading reactions (cata- 

30 bolism) . In the aerobic cell, there are two routes for 
ATP synthesis: 1) substrate level phosphorylation, where 
an energy rich phosphoryl group is transferred directly 
from a high energy intermediate metabolite to ADP, and 2) 
oxidative phosphorylation, where the free energy is first 

35 transformed into redox free energy by oxidizing the en- 
ergy source, then into a proton gradient by respiration 
and finally the proton gradient is used by the H"*"-ATPase 
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to drive ATP synthesis from ADP and inorganic phosphate. 
In other cases, e.g. anaerobic growth, there is only the 
first route, substrate level phosphorylation, that can be 
used for ATP synthesis. An example hereof is the homolac- 
5 tic LAB, where lactose is converted through the glyco- 
lytic pathway to lactic acid, which is excreted from the 
cells and thereby lowers the pH of the growth medium 
(usually milk products). With respect to ATP generation, 
homolactic fermentation is a very inefficient process, 
10 and only four moles of ATP are produced from 1 mole of 
lactose through substrate level phosphorylation. 

The anabolic (ATP consuming) and catabolic (ATP produc- 
ing) fluxes are normally well balanced in the living 

\5 cell, and therefore, in the wild-type cell under normal 
growth conditions, the catabolic fluxes will be propor- 
tional to the anabolic fluxes. If a reaction is intro- 
duced that for instance hydrolyzes ATP in the cell and 
thereby lowers the cellular energy state (i.e. the 

20 [ATP]/[ADP] ratio), then either catabolism should in- 
crease or anabolism (growth) should decrease in order to 
make the consumption rate equal the production rate 
again. Which of these two scenarios will take place de- 
pends on whether, initially, the growth rate of the cell 

25 is limited through anabolism or through catabolism, i.e. 
whether there is a surplus or a shortage of energy in the 
cell to begin with. If there is a shortage of energy, 
then the rate of the anabolic reactions is limited by ca- 
tabolism and these reactions will be sensitive to changes 

M) in the cellular energy state. Introduction of an ATP- 
hydrolyzing reaction is then most likely to affect the 
growth rate of the cells. On the other hand, if there is 
a surplus of energy, then the growth rate will be limited 
mainly by the anabolic reactions; the rate of anabolism 

^5 will be insensitive to a decrease in the energy state, 
but the catabolic rate may increase due to a decrease in 
product inhibition at lower [ATP] /[ADP] ratio. 
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In vitro, the part of the M -ATPase complex has been 

shown to have ATPase actitity^ see above. But so far no- 
body has managed to use the Fi complex to stimulate the 
glycolytic flux, or even to show that the Fx complex can 
5 hydrolyze ATP in intact cells. Indeed, when we first 
tried to overexpress the Fl complex, consisting of the 
genes for the subunits y, [] and this had virtually 

no effect on the growth of E. coll, even when the genes 
were transcribed from the maximally induced tac promoter 
10 and on a very high copy number vector (derived from 
pUC18). One skilled in the art of gene expression in E, 
coll will appreciate that this combination is one of the 
most efficient expression systems that exists for this 
organism . 

15 

We then decided to try to express different combinations 
of subunits of the Fl complex, in order to see if other 
combinations of subunits would be more powerful. Plasmids 
were constructed containing various combinations of the 

20 genes encoding the part of the bacterial F^Fq -ATPase 

complex from E. coll. The genes were expressed, either 
from an inducible (iac-type) promoter at various concen- 
trations of inducer or from a series of constitutive pro- 
moters of varying promoter activity. These plasmids 

25 should express various levels of ATPase activity when in- 
troduced into the bacterial cell. Depending on which Fj 
genes are present on the plasmid and the strength of the 
promoter which is used to drive the expression, we ob- 
served various degrees of inhibition of the growth of the 

?o cells harbouring these plasmids. Surprisingly, the beta 
subunit alone and in combination with the epsilon subunit 
turned out to be far more active In vivo than the entire 
Fl complex. 

35 The objective of this work was to affect the energy state 
of the cells, as reflected in the ratio [ATP]/[ADP]. We 
therefore measured the intracellular concentration of ATP 
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and ADP in growing cells expressing various activities of 
Fi-ATPase. Indeed the ATP concentration decreased 
slightly with increasing ATPase activity and the ADP con- 
centration increased, and therefore the [ATP]/[ADP] ratio 
5 decreased (the effect on the ATP concentration was less 
than the effect on the ADP concentration as expected, see 
above). We also calculated the glycolytic flux through 
the cells with various levels of ATPase activity. We 
found that the flux through the glycolytic pathway was 

10 first stimulated with increasing expression of ATPase ac- 
tivity, until a certain (optimal) ATPase activity which 
gave maximal glycolytic flux. Further increase of ATPase 
expression resulted in a lower glycolytic flux, due to a 
secondary effect of the ATPase activity on the growth of 

1"^ the cells. This emphasizes the need for optimization of 
gene expression rather than merely overexpress ing the 
genes . 

EXAMPLE 1 

20 

ATP hydrolysis and enhanced glycolytic flux in Esch&ri- 
chia coli, using an inducible promoter 

Restriction enzymes, T4 DNA polymerase, calf intestine 
25 phosphatase (CIP) were obtained from Pharmacia. 

Procedures for DNA isolation, cutting with restriction 
enzymes, filling in sticky DNA ends with T4 DNA po- 
lymerase in the presence of dATP, dCTP, dGTP and dTTP, 
30 treatment with calf intestine phophatase to remove phos- 
phate groups from 5' DNA ends and ligation of DNA frag- 
ments are carried out by standard methods as described by 
Maniatis et al . , 1982. 
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Extraction and measurement of ATP and ADP 



0.9 mi of cell culture was mixed with 0.9 mi of (80 ''C) 
phenoi (equilibrated with iO mM Tris, i mM EDTA pH=8) and 
5 immediateiy vortexed vigorously for 10 seconds. After 1 
hour at room temperature the sample was vortexed again 
for 10 seconds and the two phases were separated by cen- 
trifugation at 14000 rpm for 15 minutes, and then resid- 
ual phenoi in the water phase was removed by extraction 

10 with 1 volume of chloroform. ATP and ADP concentrations 
were then measured, using a luc i fer in- luc i f erase ATP 
monitoring kit (obtained from and used as recommended by 
LKB , except that 3 mM of phosphoeno 1 -pyruvate was added). 
[ATP] was measured first. Subsequently the ADP m the 

15 same sample was converted to ATP by adding pyruvate 
kinase, and [ADP] was recorded as the concomitant in- 
crease in luminescence. 



Construction of plasmids carrying combinations of the E. 
20 coli atp genes 

The following combinations of E. coli genes coding for F] 
subunits were chosen for expressing ATPase activity in E. 
colli 1. atpAGDC (subunits a, y, 3, e), 2. atpAGD (sub- 
25 units a, y, [\) , 3. atpDC (subunits j3 , e), and 4. atpD 
(subunit p alone). 



Cloning of fragments carrying atp genes onto pUC19 

30 The plasmid pBJC917 (von Meyonburg, K., et al., 1984 
which carries the entire atp operon was cut with 



35 



1) the restriction enzyme Dralll^ and a 5009 bp DNA frag- 
ment containing the atpAGDC genes was isolated; 

2) the restriction enzymes Drain and Tthllll, and a 4 106 
bp DNA fragment containing the atpAGD genes was isolated; 
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3) the restriction enzymes Drain and SacII, and a 2364 
bp DNA fragment containing the atpDC genes was isolated; 

4) the restriction enzymes Aval and Tthllll, and a 1472 
5 bp DNA fragment containing the atpD gene was isolated. 

In all four cases the fragments were then treated with T4 
DNA polymerase to create blunt ends, and subsequently the 
fragments were ligated into the cloning vector pUC19 
10 ( Yanisch-Perron et ai.,1985) which had been cut with Smal 
and treated with CIP. 

The four ligation mixtures were transformed into the E, 
coll strain JM105 (Yanisch-Perron et ai.,1985), and the 

15 transformation mixtures were plated on LB ( Luria-Bertani 
broth; Maniatis et al., 1982) plates containing 100 ng/ml 
ampicillin and 75 |ag/ml 5-bromo-4-chloro-3-indolyl-p-D- 
galactoside (X-gal). In this strain background (JM105), 
plasmids formed by religation of pUC19 will give blue 

20 colonies, whereas plasmids that carry foreign DNA frag- 
ments inserted into the Smal site of pUC19, will give 
white colonies. A number of white colonies from the four 
transformations were therefore picked for further analy- 
sis: plasmid DNA was isolated and analysed by cutting 

25 with various restriction enzymes. Clones were identified 
from each of the four series which had the desired frag- 
ment inserted into the Smal site of pUC19, and in the 
proper orientation. These four plasmids were named, re- 
spectively: pATP-AGDC, pATP-AGD, pATP-DC and pATP-D, with 

.^0 reference to the specific atp genes carried by the plas- 
mid . 

Cloning combinations of the atp genes under the control 
of an inducible ( tac) promoter 

35 

In order to be able to control the expression of the ATP- 
ase activity, we selected the expression vector pTTQ18 
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(Starck, 1987 ). This vector is a derivative of plJCiS 
( Yanisch-Perron et ai., 1985), which carries a tac pro- 
moter and the lactose repressor gene, lad. Immediately 
downstream of the tac promoter is a multiple cloning site 
5 (MCS; the polylinker from pUC18) in which genes can be 
inserted to be expressed from the tac promoter. The tac 
promoter is of the iac-type, i.e. repressed by the lac- 
tose repressor and inducible with i sopropy 1 -(]-D- 
thiogalactoside (IPTG) . 

10 

The four plasmids, pATP-AGDC, pATP-AGD, pATP-DC and pATP- 
D were cut with Kpnl and Xbal, which gave the four DNA 
fragments, 5023, 4120, 2378 and 1486 respectively. After 
purification, the fragments were ligated into the cloning 
15 vector, pTTQ18, which had also been cut with KpnT and 
Xbal (see figure 1). The ligation mixtures were trans- 
formed into E. coll K-12 MClOOO (Casabadan and Cohen, 
1980), and the transformation mixtures were plated on LB 
plates containing 100 |ag/ml ampicillin. A number of colo- 
20 nies from the four transformations were therefore picked 
for further analysis: plasmid DNA was isolated and ana- 
lysed by cutting with various restriction enzymes. Clones 
were identified from each of the four series which had 
the desired fragment inserted into the MCS of pTTQ18 in 
25 the proper orientation. These four plasmids were named, 
respectively: pTAC-AGDC, pTAC-AGD, pTAC-DC and pTAC-D, 
with reference to the specific atp genes carried by these 
plasmid and the tac promoter used for their expression. 
For the purpose of subsequent physiological studies, the 
"^o plasmids were transformed into the E, coll K-12 strain 
LM3118, which is used routinely for physiological experi- 
ments in this laboratory. The corresponding names for the 
LM3118 strain carrying these four plasmids are PJ4332, 
PJ4333, PJ4335 and PJ4334, respectively. 

35 
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Effect of induction of ATPase activity on the growth of 
coll on plates 

The strains containing the four plasmids were streaked on 
5 LB plates containing ampicillin (100 lag/mi) and i mM of 
IPTG which should give maximum expression from the tac 
promoter. Table I shows how the four strains responded: 
the strain carrying plasmid pATP-AGDC, which contains the 
genes for the four subunits, a, y, \] and was only very 

10 slightly affected in growth, even in the presence of 1 mM 
IPTG. The other three plasmids, pTAC-AGD, pTAC-DC and 
pTAC-D caused severe growth inhibition in the presence of 
1 mM IPTG, where colonies were no longer visible. With 
intermediate concentrations of IPTG, 0.01 mM and 0.1 mM, 

15 the plasmids affected the growth of their host cells to 
different extents: pTAC-AGD was the most active, giving 
rise to a strong inhibition of growth already with 0.01 
mM IPTG, a concentration which gave only a slight inhibi- 
tion with the plasmid pTAC-DC and no inhibition of the 

20 strain with pTAC-D. With 0.1 rm IPTG, colonies were 
hardly visible for the strain that carried the pTAC-AGD, 
the plasmid pTAC-DC caused strong growth inhibition, 
whereas the effect of pTAC-D was significant but small. 

Table I 

strain Plasmid - IPTG 0.01 ivH IPTG 0.1 mM IPTG 1 r.M IPTG 

PJ4 332 pTAC AGDC 
PJ4 33 3 pTAC-AGD 
PJ4335 pTAC-DC 
PJ4 334 pTAC-D 

+ + + normal coioriy size; = sxLght inhiDition; = 1/2 norrrL.il .ize 

= 1/10 no rma 1 size; - ■= no growth 

The effect of ATPase expression from the four plasmids 
above was also studied in the E. coli mutant LM3115, in 
which the entire atp operon on the chromosome is deleted, 
5 but which grows with almost wild-type growth rate on LB 



i- +4 4 
+ + + + 
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mGdium. With this strain transformed with the four pias- 
mids we observed a similar pattern of growth inhibition 
on LB plates as a function of IPTG concentration. This 
shows that the effect of ATPase expression was independ- 
5 ent of the presence of the normal atp operon. 

Effect of induction of ATPase activity on the growth of 
E, coll in liquid cultures 

H) The effect of induction of ATPase was also studied with 
ceils grown in liquid cultures. For this purpose we chose 
the strain PJ4333, carrying the piasmid pTAC-AGD, because 
this piasmid appears to be the most active with respect 
to the inhibitory effect on the of growth of E. coll. 

\^ Figure 2 shows the growth of PJ4333 in minimal medium 
supplemented with a limiting concentration of glucose 
(0.4 g/1) and ampicillin (0.1 g/1), without IPTG and in 
the presence of increasing concentrations of IPTG. We ob- 
served that the growth rate of the strain was practically 

20 constant (within some 10%) with increasing amounts of 
IPTG up to about 30 |iM . At higher than 40 IPTG, the 

growth of the cells were slightly inhibited, in accor- 
dance with the experiments on plates, see above. 

25 However, what was affected was the final density of cells 
that one obtains from the limited amount of glucose that 
was included in each culture: The more ATPase that is ex- 
pressed in the cells, the lower the yield of cell mass. 
Apparently, the cells become less economic with respect 

30 to converting the glucose into biomass , or in other words 
they consume more glucose per cell synthesized. If this 
is due to the expression of ATPase activity, then we 
would expect to see an effect hereof on the energy state 
of the cells. We therefore measured the concentrations of 
ATP and ADP in the cells growing with different expres- 
sion levels of ATPase activity. 
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Which x.ply .^nvertion to ADP , see figure 3. 
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glucose / g cell Y ^^^^^^^ performance of 
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weight / mol glucose) and the y 
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of 40 viM IPTG. 
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i„to bio^ass ^^„,„„ „Pase activity has 

mrry e::;cron l rate b. wh.ch the ceiis con- 
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EXAMPLE 2 

Expression of Fx-ATPase activity from constitutive pro- 
moters in coll 

s 

In example 1 we used a iac-type promoter system to modu- 
late the expression of the ATPase subunits in E, cali. 
However, for the optimization of gene expression for in- 
stance in industrial bioreactors or for the use m fer- 
M) mented food products, the use of lac type promoters is 
not always feasible. In this example we illustate the op- 
timization of Fi-ATPase expression in E, coli, using a 
series of constitutive promoters of different strength, 
to control the expression of the atpAGD genes which here 
\> originates from £*. coll. The constitutive promoters (CP 
promoters) were selected from a library of artificial 
promoters which had previously been cloned onto a shuttle 
vector for E. coll and L. lactls, pAK80 (Israclsen et 
al,, 1995) as described in our co-pending PCT patent ap- 
20 plication PCT/DK9 7 / 0 0 34 2 . The selected plasmid deriva- 
tives of pAK80 were pCP34, pCP41 and CP44 (CPX cloning 
vectors). The atpAGD fragment from pTAC-AGD (from example 
1) was first subcioned in a polylinker in order to have 
the atpAGD fragment flanked by two BamHI sites. Subso- 
il quently, this BamHI fragment was cloned into the unique 
BamHI site downstream of the CP promoters on the plasmids 
pCP34, pCP41 and CP44, resulting m the plasmids, 
pCP34 : : atp^lGD, pCP3 4 : : 2a tpAGD, pCP A 1 z i atpAGD and 

CV^Ai latpAGD, where pCP34 : : 2atpAGD contains two atpAGD 
M) fragments in tandem. 

Subsequently, the strains were characterized with respect 
to growth rate, growth yield and glycolytic flux in glu- 
cose minimal medium supplemented with 200 ug/ml erythro- 
35 mycin, essentially as described in example 1, see table 
2 . 
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The expression of the Fi-ATPase subunits had a slightly 
negative effect on the growth rate as the expresion level 
increased. The effect on growth yield was much stronger 
and at the highest expression level the growth yield had 
dropped to 40 % of the initial value. The glycolytic flux 
was stimulated 70% at the highest expression level of AT- 
Pase, and at this expression level the growth rate was 
lowered by 30% . 



Table 2. Effect of expression of uncoupled F^-ATPase activ- 
ity {E. coli a, y, P subunits) m E. coll 



Plasmid 


Baomass 
yield 

gdw/mmo 1 
glucose 


Growth 
rate , p 

h- 1 


Glucose 
flux 

mmci '^iu 
■ e/r,/qdw 


Bxomas s 
yield 


Growth 
rate 


Glucose 
flux 


pCP41 




0,067 


0,47 


6, 


iOO 


xOO 


10 n 


p:P4 1 : 


: a tpAGD 


0,047 


0,42 


9, i 


69 


90 


I i 1 


pCP34 




0,063 


0,4 1 


6 , 6 


100 


:l 00 


ion 


pCP34 : 


: a t pAGD 


0,034 


0, 34 


9, 


S4 


8 1 


- 4 - 


pCP4 4 




0, 067 


0 , 4 4 


^, 


100 


1 0 0 


1 ■ ' ' 


pC?44 : 


: a r.pAGD 


0, 027 


0 , 3 0 


11,2 


4 0 


6 0 





EXAMPLE 3 

Expression of E. coli Fi-ATPase activity from constitu- 
tive promoters in L. laatls. 

The plasmids from example 2 which express the E. coll 
Fi-ATPase subunits to various extent are also capable of 
replicating in L, lactls, and could therefore be used to 
test whether the E, coll Fi-ATPase subunits can be used 
to hydrolyse ATP in L. lactis. 
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in 



, ^.n pCP34::2atpAGD and 

;:,.Lp..., we.e - use. rou.^.e.v 

spec.es cre«r.s stra.n MG " ,,,o,,.ory. 
,L physiology"! ""P""" 'Ltive vectors, pCP34 and 

" .on «e transformed -^^f strains. Su.se- 

pCPU in to -^"^ ^^;^^^^„,„„ were characterised 

:„entlv, -e result.^ tra. ^^^^^^ ^^^^^ , 
with respect to growt active vectors, P"" 

„„„ in =-P'-=°";°;;r,o -it.res in deUned .ed.u. 

.y ,ro»rng J";"; . ,,„,ung concentration of 
„ed.u., supplemented wrth 
qlacose (0.1%), see table 3. 

Table 3. Expression of^^ ^_^;;;j:^-5;SJ5r 

Growtn 
rate, V 



flux 



yield 



-^7^^ ^ucose 
rate ^^^^ 



qlu 



:ose 



pCP34 
pCP34: -.atpAGD 



pAGD 



pC?34 •■ 
lpCP41 
lpCP41: -.atpAGD 



0,073 


0,664 


161 




0,653 


9, 2 30 


0, 071 




0 , 06*^ 


0,655 


9,56 0 


0,07: 


0, 64 5 


B, 92 5 


0,07 0 


0, 590 


8,461 



100 



97, 



54,6 



100 



96,5 



100 



ci9 , 3 



100 
91,5 



IOC 



Mi.\, 1 



-4 , ^ 
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^ -^c: DCP34:: atpAGD and 

resnlts show that the P-jf J^, ,he glyco- 

; ;„..a.p.C. tt'the Plas»ids were far less 

, ric flux to some extent, but ^^.^ „as 

rflcient .n — ^;7": /Lpression of the . 
probably a consequence of a ^ 
Lii .-ase subunits - "JJ sector in L. iactis 

„ , lower copy "^^^^^Z,, the trans lational 

,5-10,. and due to ^^^^^ ,enes which ori,i- 

effciency of the ^^'^^ f^^^^^^, pcP41: -acp^^o also re- 
nates from S. con. ™; P i„dicatin, that also in 
suited in a lower growth yield. 
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this case uncoupled ATP hydrolysis was taking place. How- 
ever, the pCP^ I : : atpAGD plasmid had a relatively strong 
inhibitory effect on the growth rate and therefore the 
glycolytic flux was not increased by this plasmid. It is 
5 possible that the heterologous expression of E. coll AT- 
Pase subunits resulted in growth inhibition due to ef- 
fects other than ATP hydrolysis, e.g. by interfering with 
the function of the L. lactis FiFq H^-ATPase complex. 

10 EXAMPLE 4 

Expression of L. lactls Fi-ATPase subunits [3 and in L, 
lactis . 

15 In the example above we showed that the expression of F^- 
ATPase subunits from E, coll in L. lactls, resulted in 
only a small stimulation of the glycolytic flux. It is 
possible that the heterologous expression of E, coll AT- 
Pase subunits resulted in growth inhibition due to ef- 

20 fects other than ATP hydrolysis, e.g. by interfering with 
the function of the L. lactls F^Fq H^-ATPase complex. In 
the present example we have expressed the L. lactls F\- 
ATPase subunits, (3 and z, in L, lactls, as this appeared 
to be an effective combination of subunits when expressed 

2^^ in E. coll, see example 1. The atpDCj^ic genes from L. 
lactls subspecies creiuorls ( SEQ ID No. 1) was cloned on a 
2 . 5kb Hindlll fragment into the HindllT restriction site 
on the standard cloning vector, pBluescript, into E, coll 
K-12, strain BOE270. Subsequently, the atpDCj^ic genes 

30 were cut out on a 2 . 5kb BamHI-Sall fragment and cloned 
into 5 expression vectors, pCP32, pCP34, pCP37, pCP4 1 and 
pCP44 which had been digested with BamHI and Sail, re- 
sulting in the plasmids pCP3 2 : : a tpDCL Ic ^ pCP 3 4 : : a tpDCx_,Ic ^ 

pCP37 : : atpDCLlc r pCP4 1 :: a tpDCLl c pCP4 4 : : a tpDC^lc / 

15 spectively, where the lacLM genes downstream of the CP 
promoters, have been replaced with the ^tpDCi^\Q genes. 
These plasmids should express the L. Jactis Fi-ATPase 
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subunits, {] and to different extent. The plasinids were 
then transformed into MG1363 with selection for the 
erythromycin resistance carried by these vectors. Experi- 
ments were then performed to test whether the constructs 
resulted in convertion of ATP into ADP in L. lactis. The 
strains carrying the different constructs was then grown 
in GM17 medium supplemented with 5 [xg/ml erythromycin. 
The plasmids did not have a strong effect on the growth 
rate of the cultures, which remained close to the growth 
rate of the respective vector control plasmids. The yield 
of biomass, however, decreases for all the cultures by up 
to 17%, which shows that the cultures did indeed express 
uncoupled ATPase activity, see table 4. 



15 Table 4 . Ef le-rL 
s u b u ri 1 1 s o r 1 a c; i > 



)[ expression 
p:> r oduc t" i 'Dn h^ 



w : t h Initial p H G . 7 . 



J a c r 2 
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Bj.omass 


Final pH* 


Acid formation, 
relative to biomass* 
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66 
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1 0 ) 


cClM 1 


: : a tpDCllc 


S 


2 i 


4.24 


1 1 3 . 


pCP3^ 




4 


89 


4.28 


100 


pCP37 


: : tpDCllc 


4 


63 


4.24 




PCF32 




4 


86 


. i 4 


1 0 (J 


r: C P i 2 


: : a tpDCllc 


3 


9b 


4.36 


116.-^ 



E a c hi value is ^ h e a v e r a q e z t J -- 4 l p. d f;."-- n d e n r c u J t u r e . T t ; 
20 p:oductic:n wa:; calculated from the pH -.rhanq*:, anci r. o r ma i z*-m 
biomass produced. 



'I'h e GM 11 g r o w t hi medium u s e ci in 1 1 : e Li e ^.^ :■: p r ^ :r: c n t s c : i ^ i rr: 
c2 surplus of g:ucose (I-;, and growth only 3f.:p;- wnori 
p-H of the growth medium becomes lower- than ^pp r oox : i-a t e 1 y 
pH 4.3. To some extent, this r^ixmici the situation that 
the lacti:;: acioi baoteria experieno- darir. i -^hee^:^^ anoi 
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y ':'Ugur p roauct icn . In Lh J s x*:--: i ui: , u :"'OW': n y i ^ 1 , i Vi 

terns c" the fma- cell nioss n tViL' culture/, r >- 1 —^ci:-- 
the acid prod!:c 1 1 ^'^n by t nese cu 1 ^; c : ^c: . 

5 In these cultures, the expression of F|-ATPase subunits 
will increase three fold at approximately 0D6 0 0 equal to 
1.5. This is a consequence of the three fold amplifica- 
tion of the plasmid copy number that has been shown to 
take place at this point of the growth curve. In reality, 

10 the ef f ect of express ing the F^-ATPase subunits may 
therefore be larger . 

To t es t" t h 1 s nypvC Lb.es i s , w^- i r<=^w come of tb e c *_ r a i ns 
which expressed the L . i a.; t c F| - AT ?a s e subur. l t s P arra k 
15 in batcn culrares of GM17 medium which had been adjusted 
to pH 5.9, see Table 5. In addition, the teirperature of 
tne growth rr.ediuir. may also affect the plasmid copy number 
and thus the expression of the F' -ATPase subuni ts . The 
experiment 5 were therefore pe r f o rmed at 3 7 C . 

20 



Table 5. Efferjt of expression of P. ijcric a::ci e 
subunits on acid producticun by L. iactjc, at ^ 'hy anri 
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Ffinal pH* 


Acid formation, 
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pCP34 
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4 . R7 
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pCP37 




. . 00 




luc 


pCP37 


: : atpDCji - 


0 . 58 


4.9'^ 


18 8.4 



25 

Clearly, the effect of the rVATF'asc activity w-s much 
stronger under these growth conditions: the amount f 
acid prcauced was almost doubled for the strain carrying 
the plasrrdd pCP37 : : a tpDC, . 

30 
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EXAMPLE 5 

Expression of the Fi-ATPase subunits, a, y, and , from 
L. lactis subspecies cremoris in L. laatls subspecies 
5 cremoris. 

In example 4, only the L. lactis F^-ATPase P and e 
subunits were expressed in L. lactis. However, from the 
experiments with E. coll (example 1), we know that the 
10 simultaneous expression of subunits a, y, and , is a 
more powerful combination, which could also be the case 
for L. lactis. In order to obtain the same strong stimu- 
lat ion of the glycolytic fJux and acid production in L. 
lactis, a set of vectors similar to the vectors described 

15 in example 4 was constructed, in which the atpAGDi^ii^ 
genes derived from L, lactis, encoding the subunits <t, y, 
and 3 (SEQ ID No . 1) was expressed from CP promoters with 
different activities. The atpAGDi^y^ genes from L. lactis 
was cloned on a 2.5 kb BawHI-Sall fragment into the 5 

20 vectors, pCP32, pCP34, pCP37, pCP4 1 and pCP44, resulting 
in the plasmids, pCP32 i : atpAGC^ic r pCP34 : : atpAGDi^i^ f 
pCP37 : latpAGDi^ic / pCP4 1 : : a tp^G^Llc / pCP44 : i atpAGC^i^ , re- 
spectively, where the lacLM genes downstream of the CP 
promoters, has been replaced with the atp^AG/^Llc genes. 

25 These plasmids will express the L. lactis Fi-ATPase 
subunits a, y, and p, to different extent. The plasmids 
were transformed into MG1363 with selection for the 
Erythromycin resistance carried by these vectors. Experi- 
ments were then performed to show that the constructs 

:^0 were effective in ATP hydrolysis in L. lactis and to what 
extent the glycolytic flux was enhanced, by growing the 
five different constructs in GM17 medium supplemented 
with erythromycin, and measuring the growth rate, ATP and 
ADP concentrations, the yield of biomass and the rate of 

^5 acid production. 
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EXAMPLE 6 

Expression of Fj-ATPase subunits from L. lactis subsp 
lactiSr in L. lactis subspecies lactis. 

5 

In the examples 3-5 above, we used the strain L, lactis 
subsp. cremoris, MG1363. This strain is plasmid- f ree and 
is used routinely in our laboratory as a simple model or- 
ganism for our physiological studies. But strains belong- 

10 ing to the subspecies lactis are also important in cheese 
production. We therefore cloned and sequenced the at- 
pAGD]^ll genes from L. lactis subsp. lactis, ( SEQ ID No. 
6). Subsequently, a 4.2 kb fragment habouring the at- 
pAGDi^W genes was cloned into 5 vectors, pCP32, pCP34, 

1.^ pCP37, pCP41 and pCP44, resulting in the plasmids, 
pCP3 2 : : atpAGOLll , pCP3 4 : latpAGDi^i i , pCP37 : : atpAGDi^n , 
pCP4 1 : : atpAGDi^ii , pCP44 : : atpAGDi^n , respectively . These 
plasmids were then transformed into L. lactis subsp. lac- 
tis as described in example 3. The resulting strains with 

20 different expression levels of the Fj-ATPase subunits a, 
y and p were then used to characterize the effect hereof 
on the growth yield, growth rate, glycolytic flux, and 
the cellular energy state of L. lactis subsp. lactis, as 
described in the examples 1-5. 

25 

EXAMPLE 7 

Expression of Fl-ATPase subunits from S. thermophi lus , 
STB, in S. thermophilus , STB 

30 

In the examples 3-6 above, we used strains of the genus 
Lactococcus . These strains are important in cheese pro- 
duction. As starter cultures for yougurt production, the 
dairy industry often uses strains of S. thermophilus. We 
35 therefore cloned and sequenced the atpAGD^x. genes from S. 
thermophilus, strain STB (SEQ ID No. 10). Subsequently, a 
4.2 kb fragment habouring the atpAGD^^ genes was cloned 
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into the 5 vectors, pCP32, pCP34, pCP37, pCP4 ] and pCP44, 
resulting in the plasmids, pCP3 2 : : a tp/lGDst , 

pCP34 : tatpAGDstf pCP37 : latpAGDst f pC:P4 1 : zatpAGDste 

pCF44 I : atpAGDst r respectively. These plasmids were then 
5 transformed into 5. thermophi lus strain STB. The result- 
ing strains have different expression levels of the F^- 
ATPase subunits a, y , and |3 , and were then used to char- 
acterize the effect hereof on the growth yield, growth 
rate, glycolytic flux, and the cellular energy state of 
10 S, thGrmophi Lus , as described in the previous examples. 

EXAMPLE 8 

Expression of a truncated F^-ATPase (1 subunit from Phaf- 
fia rhodozyma in Saccharomyces cerevisiae 

In this example we show that uncoupled F^-ATPase expres- 
sion can also be used to hydrolyze ATP in yeast cells of 
Saccharomyces cerevisiae. 

A cDNA gene library was prepared from total RNA, isolated 
from Phaffia rhodozyma , by cloning the cDNA fragments 
into the expression vector, pYES2.0. One of the resulting 
plasmids, pATPbeta, gave rise to an ade^ phenotype in the 
Saccharomyces cerevisiae strain, W301 , which carries a 
mutation in the ADE2 gene. Seguencing of the clone re- 
vealed a 0.9 kb insert, which encoded a protein of 254 
amino acids ( SEQ ID No. 14). The encoded protein had a 
very high homology to the C-terminal part of Fi-ATPase |3 
subunits from other organisms, prokaryotic as well as eu- 
karyotic, including the p subunit from 5. cerevisiae (86% 
ident i ty ) . 

The ADE2 mutation results in starvation for an intermedi- 
ate further down in the purine metabolism, AICAR (which 
under normal conditions is produced by ADE3, two steps 
further down in this pathway). AICAR is essential for de 



25 
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novo biosynthesis of AMP and GMP , and ADE2 mutants there- 
fore need an alternative purine source in the growth me- 
dium. However, there is an alternative route for synthe- 
sis of AICAR which involves some of the genes involved in 
5 histidine biosynthesis. These genes are normally re- 
pressed under the conditions used for the complementa- 
tion, but_ when me HIS J gene i :^ i r-. r: ■ - iiice -i .11 ri cla:-niir:, 
^,hls complements the ADF.2 mutaticn Lecau.st- trv- 
start to produce AICAP.. Since AlCAF' is a precuis~:r i.o: 

10 AT:-, at IS iLkeI.y that a lack of ATP i^r iiicroascci 

ADP and AI^Pi provide a si anal t ■ dcreprcss tP-? HIS? 
gene aiid generate AICAP ivyhi^-p v;^i.l s .Psequ^^m t : y er.d up 
as ATFi . Indeed, c ros s - p .1 r hwn v ic-c;. ^.:t 1 : n P-'iVf^at p,.r:ne 
and nistidine biosyntnes^s has t^e^yci ^^''Urc: is. yeast_ .-in;.! 

15 involves the t r cinsc r ip 1 1 on lactcrs BAT! and :^As2, A rea- 
scnaoie explanation tor me ads' pherotype c-^onferrec by 
the plasmid, is therofore thrit tne rsLasir.id cives rise tC' 
ATP hydrolysis ^n tlie cytopiasrr., tiioreby ef'fectiiiq the 
concentrations 01 adenine rn:cieot^aes in the cytoplasm. 

20 

Importantly, this truncated \\ subunit from Phaffia rho- 
dozyma that was encoded on pATPbeta, included the region 
of the P subunit which is thought to encode the catalytic 
site for ATP hydrolysis. The truncation of the N-termmal 
25 part of the \\ subunit probably means that the protein 
will no longer be exported into the mitochondrion, but 
should stay within the yeast cytoplasm. 

The truncated P subunit pATPbeta is expressed from a gal 
30 promoter, i.e. it can be induced with galactose. If the 
truncated p subunit encoded by the clone is active in ATP 
hydrolysis it should result in a decrease in the growth 
yield, and at sufficiently high expression level, we 
should also observe inhibition of growth. The strain 
35 which expressed the truncated p subunit and a control 
strain (which contained a plasmid pHIS3 containing a HIS3 
gene from Phaffia rhodozyma) , were streaked on plates 
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containing galactose as the energy source, which wiii 
give maximal expression of the truncated P subunit. In- 
deed, the growth of the strain which expressed the trun- 
cated 3 subunit was strongly inhibited by the presence of 
5 galactose, whereas the control strain grew normally. As a 
control, the growth of the two strains were also compared 
on a plate containing glucose as the energy source, con- 
ditions under which the expression of the [3 subunit 
should be repressed, and indeed we observed little dif- 
U) ference in growth of the two strains on these plates, see 
table 6. 

Subsequently, for the purpose of the physiological inves- 
tigations, the two strains were converted into Rho~ 
strains (petit mutants, defective in oxidative phosphory- 
lation) by standard treatment with ethidium bromide. The 
induction with galactose caused even stronger inhibition 
of growth in the Rho' background, which further indicates 
that the cause of the growth inhibition is uncoupled ATP 
20 hydrolysis in the cytoplasm. 

Table 6. Effect of expression of a truncated Fi-ATPase {\ 

subunit from Phaffia rhodozyma in S. cerevis iao on SC 
plates 

25 



Strain/ plasmid 


SC-ura + glucose 


SC-ura + galactose 


Rho^/pATPbeta 






Rho"^/pHIS3 




+ + 


Rho"/pATPbeta 


+ -f + + 




Rho"/pHIS3 




+ + 



Growth e X p e r 1 n\ e n t s were p e r f o r ni e d t o m e a s u r \ : o r e u 1 1 - 
.ing changes m z\\e ATP/ADP ratio and ttio aoqree of ^y. ^:v\:~ 
lation of the glycolytic f]ux and e'.hano' f ■ ; rr^..^ I i c: r. , •es- 
sentially as described m the examples above, ami sh.ow 
that the truncated p subunit :^rom Phaffia rnodozym.^ 
act::v^ w i_ t n respect t 'S cs-nv-rting ATP AT';- is 
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EXAMPLE 9. 

f V ATPase B subunit from Tr^ahoderma reesex 
Expression of Fi-ATPase p 

in Saccharomyces cererisiae. 

I:, th.s examp.e we .how that ' 

;,^.as. (3 subun.t fro. the fxla.entou. . xr.,a., . ^ i . - 

' be usod tc .mprove tho .. .duct , : rma^ . ^ 



U) 



reesei was isolate.: troiv 



Tho qene ericorli.nq 
Tr i cr: oderrna 
,,ertea ^nto a multicopy expression^ 

T^^ 1^^) reveal^^ci that: 
sequencing (SL^J i - 



a cDNA a^rar V , 
•.'pctar, pAJ4 01 . 



.^r.-- t- t-rie B subunit-s from 
very high nomo.oqy v 

crassa (91^^ laentity). i^^^i ^ 



Neur-; 
( 68 . 



a^ino acids in ^ai:^ h , , - 

^ snf-- niitochon'iir la, Wc^s no 

for exporting the protean ^'^^^ ^^^^^^ 
.oloqous to the M-terrr.nal part .t \ ^ 

c^f^', identity), bat not t, --ai . 
Neurospora cra.^a Ukely that the P 

charorr,yces cerevusxa.. - - - - ^ , ^ ^ ^ 

sur.un:t : ro. TricncJer.a ree.. i w.l ^ ^^^^^ 

..p:a.n when expressed in Sacc.a rcnv .e.s ^----^^^ 
IS iTT.Dortant for the many c.ses whe. ^ >-.-e ^ 

v-,^;.-. tie-au;^e ir. these ca^eo 

carried out anaerot i cd. i y , ut^.u^ ^ 

probably mcst eft. r-. on. if --- ^ 

th- r^ytcplasm. Alternatively, -.r. t:.o.e ^ 

■ ' t-r.e nu-.ochondrion, tr^d , 

a -..,'r-.-i» LS cransDorten 

P • nodifv the subun.t so that 

be useful to genet-ca.iy nc.iLi, 

stays withm the cytoplasir.. 

nT^-^c■p 0 -ur-.-.ra t nonioloque : ro.T. 
Tb- qene encoding tne r.-Ai.a.^ P - .-,.^,n 
^ ; i r --■ rerevisiac .-strain 

Tr.c.hoder.Ta reesex was cxpre.::,ea ii: ^-.e 

;.-.9-r/il2, ura3-52, trpl-^B-^, ...-x.., 

KAL2-8C, SL/C2). To test whetner _he re.e._-^^^- _ 

,ee.^.: P subunit resulted "In ATF hyarolysis ... . - 



Impo rt. ant 1 y / the 



fir 



t' r on 
1. M- 
[■NA 
^ had 

and 

- 1 4 



20 



30 
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rue a 3 r t v\^' ir: t: r a c^e 1 1 u 1 ii 



Mioei i L I .a 2 1 '_.no (.t ATI-, All -irv 



::; t: r a 1 ri:^ expresoinu the (3 subuniL {fiAT.-^P3^ ^nd pATF'(i44 
and a strain carrying the vector plasmia, pFL60, sq.^- X.Fi 
ble 7. 



10 



Table 7. Effect of oxpie^isior: of 7 
AT r , AJ ■ ? a r : d MA I' c o n c e r a i o r i - " i r- 1 



■cesei (5 sucur::d 



S train 


ATP ADP AMP 

umci J / < ; c 1 w uv\ c . j /' q a w pin 1 / 7 d w 


ATP/ADP ratio 


Aercb ic ■ e xp . p/ 1 ^ " 

pv?:cTOP 


j_ u _ ^ ^ H 3 0^ J 

1 3 _ U , i '^1 ' 

I 0 . 0.4'/ 0 - ; J 


3 . 5 

2 . 7 

3 - 0 


e r c jb : r / r> i d t . pha:'e 
p AC P 3 4 
pAT?(H4 
pVECTGP 


9.3 0 4.0 3 ...3^^ 
8.99 3 , 0 .1 . 4 2 
19.5 4.62 2.8 7 


2 . 3 
2 . 3 
4 . 2 


a n a c: rob ic/ r^t^jt . pha s e 
pATP|ri4 
pATP)34 4 
pVECTOH 


4.39 11.6 6 . 72 
3.14 10 , ^: 6.65 
B . 6 4 1 0 .2 6 . 3 '/ 


0 . 4 
0 . 3 
0 , 9 



)rdjnq to Ber q m*-;- yet. (d 9 R !i ) 



The \\ suburn t. d:a not appear :oi liave a oignificant r:;ffoct 
cn toe concentrations ATId AL^I-' dnri A^^P iri -^d 1 :^ -^r^^w- 

1:^ m^:: on aluoose : r: the exponentia! qr^^^wtli phase. Th^ rea- 
son IS probably that thie ATP lIo np'en t r a t i on t.hat thr- oo- 
me o s t a 1 1 c c o n t r o 1 o* f AT s y n t h e s 1 o c a n he r e.^ k f ? e p u p v; i t :'\ 
the extrd aram on ATF conferrea i-y tne P oubunit F:- 
ATPase activity. Indeed, thio growth rate of these ou:- 

20 Lures was unaffected by the presence of the F -ATPase- ac- 
tivity, see table 7. But m the statianary culture:-. ' {ir- 
couc^'nt ra 1 1 on of ATP ci^'^reas-d s 1 g n i f ni-an 1 1 y ^n the -ul~ 
tares expressing tlie p subunit, ^-ompoired to the cont-rrl. 
T ri e e 1 f e c t: w a s s t r o n g ess xn t : 1 c^ a ^; a e r o b 1 c a 1 1 y grown c i : 1 - 

25 tares where the ATP was lowered by a factor of 2-3. In 
tnese cultures, AT? must re generatea througti sxidnt.v^: 
p TOO- p h 2 r y _ a t : G n , ■ v. hi : - h : s n ^" e '/ e an o p 1 1 c n f ro' top- a r - 
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aerobi'j culture:^; , aiv;: arij' ef t'e^^'V . r :r. 'j'.: ^--a Air 
■:ir(.Iys.5 should therelor- m^ie- i r-- s ^.ronj-/ r: in ' h.►-.■^- 
« j e 1 x s . 

5 Shake flask cultivations of cultures expressing the Fi- 
ATPase P subunit homologue in Saccharomyces cerevisiae. 

Shake flask ca 1 ^. i va L ions were t^eri ■rrnoH urui--: ir_ r < , ^ r - 
b 1 c / a n a e r ob 1 c conditions w i o n v^o i \:rrLO ratio 1 /' 1 . 7: 'I an' n : 

10 agioation; v.'ith 400 ml qrowth media : o". hOV' o, : E r I ormi*^ -/e r 5 
on niagnetio' siirrinq. The grc":v;*.h r:iedi j o^"nita.ned a/ l .1 
glucose and amino acids and b a s s a c c: ) r u i n q ' ^ s yn t h e :: i 
complete medium ( SC-ura^ C . 5^.(1 • . OT. v;-i:^ i:ion . b..,'r e 1 o.iruiq 
t:he cultivation (C'DGOCi=i.O lO equal to i; . 3 a/ i (jry 

h'i welgntj . Ethanoi and qLucose were measured vj: th HPLC: 
(Waters, Sugar - Pa k or r C - a k o am. 1 1 s ) . P r du c: t: i o> r . o- f 
ethanoi igram.s of ethanoi per grams of ceil ^Iry we:.qht) 
IS shown in Table 8. 

20 Table 8. Effect of expression of T. reesei P .'^uounit, 
on fluxes O'f ethanoi ano qlucose in r. . cerevisiae 



strain 


r. g / h / q d w cj / h / <\ d w 


I o cor. - ct::)n t: r o ■ 
tiol 


pATPli3 4 

pATPP4 4 

pVECTOR 
control 


0.4C 2.811 1-19 0 
0.40 2.7^0 1 . 1 e '/ 
0,39 2.61 1 I . : 2 7 


107 0/ lO^^.r^ 
1 - D . ^ ICS.: 
100' 10'^ 



These data show that the p res eru od me T . r-^^^s- : F - 
25 ATPase P subunit resulted in ari :r. creased t' i ux yjt ^iu- 
cose, as well as ethanoi, m tuf- 6 ^c:ri i r omvce L-^' r ouoo^ ■ ae 
host cells . 
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r,K)i?.pj\L ::;f--.j?>MA7:or/ : 

[A) :iAMK: Peter Ruhdal JENSEN 

fB) 5TPEE7: S ce ga a rds ve j 19 

: C,' I CITY: Gentofte 

( ?: I C C U try: Denmark 

(F: L'CSTA:. code ^ZIF;: DK-.-^H^Vj 

\ 1 : ) T I T D F- F 1 1 r/ VA ] '1 I O^J : A me 1 1 1 o d o 1 i mp r c v ^ : : :] t h e p r :i a - 1 r j. n n t 
r : o ma s s or d e :j i r e d p r o d l; c : f r c ni a c 1 1 

^111 J M1.JMBEP OF SFQ'UENCES: 17 

(iv; COMPUTER ?FArv\HDr; FORM: 

(A MEDIUM TYFh.: Floppy disK 

fF> COMPUTER: I PM PC -rornpatibU- 

(Ci ^'PEFA-TINO SYSTEM: PC-DCS/X:: FC:^ 

([;. r CFTV/ARF : latentlr^ Release . . ■ , , \'rf-icn ti.: . ' 'KPO> 

(VI) PRICE' APFDICATION DATA: 

{A;. APPLICATION NUMBER: DK ^^^V-J/^^^ 
(Bi FILIKC L'ATE: 06-SEP-i9^6 



(2) INrORMA.TICF' FOR SE'^ ID NO: 1: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 8:5 base pairs 
(P; TYPE: nuciei.c acid 
(C: 3TRAT::JKr'NESC : double 
f n i TO PC LOGY : linear 

( 1 : MC' L E C ; ; E T Y P E ; D: : A (genomic) 

(ill) HYPCC:!ETI CAD ; NO 

{IV) ant: SENSE: TiC 

(VI : dr:gi:ial scurce: 

(A) 0RG,Ai:i3M: Liictoccccus ]acti3 subsp . 'Tf-'morii: 
(Ei JTRAIN: MG13C3 

(:x; FFl^TURE: 

<A) N.AME/KEY: CDS 

t B. DOCATICrJ :0b. .550 

id:' OTHER ir;EOPKATION ; /codon_sLart= 2 6 
/ pr :duct - "ATPase subuni t " 
/ qeni'= •* atpH'' 

/r. t ^ r: d a r d name- " d e 1 t: a s u b w r: : ^ o t *" h e F 1 p --^ r 1 1 o n 

the FOFl ATFase" 
. a b - - t " del t; a ■ s u b \ i r^t 1 1 

I IX ) FF.AT 

■, A ■ 
( H , 

f D : 



: P E : 

DAME/KE":': CDS 
DOCAlOOfJ : 742 . .2241 

jTHFP INFORMATION : ,/ccaon _st a r-- 7 A i 
/■produc*"- "ATPase subuni t" 
/'qeae= "atpA" 

/ o r. . i n d a r d n a me - "alp h a r> u b u 1 1 c t the z \ p -^i r t ; c i ; 
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'label- a i p t i c i - s u b u n L t_ 

(A; KE'i : CDS 

: 3; LOCATION :?2t>^: . . 3 l.^b 

! 0 ; OTHL:^ lIJrOP:<AT10r: : /co dot: a rr ^ 22 60 
'proaucT: "ATPasc^ subunit" 
'gene "atpG" 

' ; : t a n f i a r ci n a mo " "a amrr.a u b j n i t c f t r: e F 1 portion 
}f the FOri A7?ase" 
01 a b e L - Q a nun a - s ub u n 1 1 

t ; FEL^TURF : 

0^: N'/r^>tF/ KEY : COS 
f B; LOCATIOrJ: 3 30 1 . . 4 7!:>7 
( D ) C;TH?:H I NFOPJ^LATTOrJ : / codcr:^ s ta r ' 
■ pr^aucr "ATPase EUDuni!:" 
g^r Ti*;^ " u r. p 0 " 

3^ dnrii, t c\ nam* - "b'^jta :;uo ^: 
Vt;*i FOFi AT Pa re" 
lacel^ b-t : :.aou:^it 



:^ 3 u 1 



'xi; sfquknoh: dfocfu TTi orj : 0 Fo^ : r;o: 

TATCOCGCTA AGTTAGGAGA ATAAG ATG ACA hS\A OTA /vAT TCA CA>\ A.Ah TAG 52 

Met T h I 0 y i-; '/a i As n S e r Gin L >' - O y i: 

i 5 

AGT ?^J\A GOT TTA C^^T GAG GTO GOG OGA GAA /W\ GG.A CTmk CTT O/.O. GOA 100 

Ser Lys ALa Lei. Lr.-u '^o u Veil Ala Arg Giu Lys Gly Gin Lou Glu Ala 

10 IS 20 2S 

ATT OTl' ACT G/v\ Gl'T AGO GA/^ .AGO. AT'l' OAr, ^Tl' OTO A-A.A GAA /i.AT AAO M " ^ 

lie O^-a Ohr Glvi Va 1 S-r Glu Met lit- Gin Lea ?r.e Ly^i Glu Ai^n ,Aa:i 

M) :ib 4') 

TTA GOO Gro 'ITT TTA GOA AAT GAA GOT TAT TCA lO'C TOT GOT /v/^A TOO \'/^ 

Lea Oiy Ala Lhe Leu Ala Asn Glu I Tyt Ser ?ne 0-r Ala Oya Ser 

4 S 5 0 S S 

GAA TOG ATT GAT ACT T7'G CTT '1A.A AGT ^TOA TOA GPkA GTG ATG TO.^ /V^T ''14 

Glu Leu lie Ar>- Thr Lea Leu Gin Onr Sei S"r Glu Vai Yet Asn 

60 ' 6 5 7 0 

TTC OTO /^AT A^T ATT COT TOT AAT GGA ^GT -.^TA GOT GAG 00^' Gr;A GAA 2 

P he Leu As ri Tn r lie Arg Ser A:s n G : y A r u L- a t\ I - \ Ar. p L e u O. J y Glu 

7 5 8 0 H ^, 

ATA CTT GAA GA/\ AGT AAA AAT GGA GGA GAT OAC ATG Orc r^JkA A'lT GOT 0 

He Lea Glu Glu Thr Lys Asn Ala Ala Asp Asp Met Phe Lys ::e Ala 

90 95 100 105 

GAG ST^T G.AA GTT GTT TC:A AGT ATT GGA TTG TOA nj^j^. r:r-'Y CAA A'^'^r GAS-. - 

As p '.'a ^ Glu Va 1 Va ^ Ser Ser lie A^ a Leu S r Glu A ^ a ' ^ 1 : : 1 ^ G ^ u 

110 lis 120 

AAA TTT AJ\A GOA ATG GOO A>AA TCOA ^vAA TOT GAT TTA AG'S GA,A OTA ACA 4:6 

Lys Pne Lys Ala Met Ala Lys Ser Lys Pr^e Asp L^-u Asn Gl.. Va^ Thr 

12^ 13S 13S 



BNeCXX^D: <W0 9n008fiA1JU> 



wo 98/10089 




PCT/DK97/00373 



oTA Ai'T AA:" a:' a ST'^" AAT 'JAA "'AvA ATT CA 

1-5'^ :-4". IS., 

TCT TGT ':;GA /vAA ATT ATT 'TAC Zr'''^ TCA TTA AAJ\ A. 'A JAA. TTC; 

Ser Arg Gly Lys lie I I f - Aiip Aia Sei L,pu i.ys Thi Gi: 

iSS 160 ' 16S 



at:: GCC GCT GAA ATC CTC T/^ATCAGGAT AG.AAA.AATT': TCTTCCTTTG Sh 
Ilo Ala Ala 31 u lie Leu 
170 [7S 

TTA^AAAAC:'! A'_^TGGAG/V^T TTTTCAAACT^ •'"■A.A^ T'TGTTA rAA::TT^TTGAA A.\GAT' AAy\ - 

GGTAATTTTA AAAGl^TGGTl' ATT GAT GAT r AAuAAA/G'ATA ArT'luAGTlT A/^^'ATAAAT ■ - 1 

AGCGTTGAAG TAGTAAAAAA TTTCTAGAAl-. GGA'.-::A T A'lT 7 TTC^ GTA ATT ,^-AG. 

L.-: Aia 11.- :,y3 

GCT AAT GAA ATC AG:' TCA CTG ATT AAA AAA'. r'AA ATT G/G-. ^JkT T^T / AGA -C 

Ala Asn Glu ll^- S^r Sr^r Geu 'l*- Gys Cyr GLi, 11^ (Cu A/^r: i:.- Thr 

' 'i If -1 - 

CCA GAT TTT GA.A GTT GCT G.AA ACT GGT' '^,Tr gTT AGC LAT GTT r,::-r qA'] 8 4 

Pro Asp Pho iiu Val Ala Glu T\\r- Gly CCH V.i : Thi Tyt '/a ^ G'.y Asp 

GGT ATC GCG CGT GGG TAT GGC CTT GIk/v AAT GGG ATG A^-C GGT GAG CTT 8 

Gly lie Ala Arq Ala Tyr Gly Leu Gia Asn Ala Mec Gor 'Jly Gxi. Geu 

4 0 4 5 50 

GTT GAG TTT TCA AAT GGT ATA GTT GGT ATG GGG GAA AAG TTG GAT GCT 

Val Glu Phe Ser Asr. Gly lie L^'^ Gly Met Ala Gin A.sr. Geu A.s r; Ala 

b5 b'j 

ACA GAG GTT GGT ATT ATC GTA CTT GGT GAT TTG GTG T'"A ATT r:y/ GAA. 

Thr Asp Val Gly Ilo Tie Val l.eu Gly A-p Vt\Q Sr-r [If; Ar) Clu 

70 7 5 BC 

GGT GAC ACT GTT AAA CGT ACA GGT A.V\ ATC ATG GAA ATC GAA GTT GGT iO^ 

Gly Asp Thr Val Lys Arg Tnr C- : y [.vs IN- Met C_u Ilo Gin \Gi 1 Gly 

65 90 95 i-jo 

;/^Av GAA '^TC ATr gGA CGT GTl' GTA AAG CCA ::'TT GGA CAA -IC"^ GTC GAT i')R 

Glu Glu Leu .le ii;ly Arg Vul '/a 1 Ar. n Pro Leu y 'j^u tro Va^ Asp 

105 110 I 1 5 ' 

GGA C T '1 C i J A G AA G 11" T AT\T A ' A GGT AAA A C 1' C: G T C /v GIG' GAA G C /■, AAA 1 i G 

Gly Leu Gly Glu Leu Asn Thr Gl y T y s T h r Arg ? t o V a ^ Glu A 1 . . L v :i 

120 125 130 

GCT CCy GGT GTT ATG C/vA CGT A/A TCA GT^'^ TCT GAG '^""A T^TA C/"A ACT 1 i 

Ala Pro Gly VdJ \<et Gin Arg lys Ser V • : Ger Glu Pro Leu Gin Tnr 

13 5 1 4 0 ] S 

GGT CTT AAA G^'G ATT GAT GGC CTG GTT :A ATI' :.;GA GGT GGA ^lAG CGT 113 

Gly Leu Lys Ala Tie Asp Ala Leu Val Pro lie Gly Arq Gly Gin Arg 

15 0 15 5 1 6 0 ' 
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..V. ATT ... ..A CA: C.T CA^ A.T O.T A/.A A.r 'rCA OTC ... AT. 

C-.u I.eu 11- ;-c- Giy A:;p Arq v.i^ , ' , 

: h s ' ' ' 

„,-,; p.r r/vA AAA OCT CAA CAT ATG A'T TGT ATC TAT GTT 1 9 

aVh O.n L^s .iy G:n A.p Ko. He TV. Val 

GCG ATT GGA CA.% GAG TCA ACA CGT ACA CAA GTT GAA ACC CTC 

Ala 'l^ Giy Gin Lys G.u Ser Thr Va. Arg inr ..-r. -/al Gl - Thr I.r.u 

200 205 

CGT AAA CTC GGT GC3 ATG GAT TAT ACA ATC GTC GTA ACT GCG TCA GCT 

Lys Leu Ciy Ala Me. Asp Tyr Thr lie Val Vai Tnr A.a Se. Ai. 

. „ . ^rn.^ ^v-T 1* T-nr- ^:r'l' HGA ^v;:'r GCA 1-4 / i 

G^n lel Leu Tyr Ue Al a Pro Ty. A_a GI y Al. Ala 



1 i 



14 2^ 



2 30 

ATG GGT c;AA GP.J. TI'T ATG TAT A.AC GGT A^.A CAT GTG ;TG GTT CTT TAT 

M-t Giy GJu G.lu i^n- Met Ty: A:sii Cy "V-'^ His -'ai ..e-,. i v a . ,i- 

24S .-^-^'^^ 

, , ^ CA/. CCG GTC GCT TA'/ CGT GP^ CTT TCT -TC T'lG iV 

A^P ASP Leu ser Lys Gin Ala Vai Aia Tyr Ar^ Giu Leu Ser Leu .,eu 

CTC CGT CGT CCA CCA GGT CGT GAA GCA TAC CCA GCT GAC GTT TTC TAC 
Leu Ara Arg Pro Pro Gly Arg Glu Ala Tyr Pro G.y Asp Vai ?he T/r 
280 2eb 

~~G CAP TGA CGT CTT TTG GAA CGT CCT GCT AAA TTG TCT GAT GAT CTT 
Hrs ser Arg Leu L.u Glu Arg Ala Ala Lys Leu .or Asp Asp Leu 

295 - 300 

GGT GGT GGA TCA ATG AC'G GC^T TTG rcA TTC ATT GAA. ACA CA/. GCA GGT 
Giy Giy Gly Ser Met Thr Ala Leu Pro Phe lie G.u Thr Gin Ala G.y 
310 315 

G^T ATC TCA GCT TAT ATT CCA ACA AAC GTT ATC TCT ATT ACC GAC GGT 

Asp lie i:er Ala Tyr I.e Pro Thr Asr. Vai lie Ser Ire .:,r Msp >..y 
325 330 33b 

CAA ATT T-rC CTT L-;AA AAT GAC TTG TTC TAT TCA GGT GTA CGT ~CT GCC 

Glr lie Phe Leu Glu Asn Asp Leu Phe Tyr r>er Giy Vai Arg 1 ro Ala 
34 5 350 

ATT GAT GCT GGT TCA TCA GTA TCA .'GT GTT GGT CGT GCC GCA C.^.^ ATC 
II. A.sp Ala Gly -Ser Snr Vai Ser Arg Va . 1 y G.y Ala Ala Gin lie 
360 365 3)>; 

AAA GCC ATG AAG AAA GTA GCT GGT ACT TTG CGT CTT GAC CTT GCG TCG 
Lys Aia Met Lys Lys Vai Ala Giy Thr Leu Arg Leu Asp Leu Aia .e. 

375 380 3B5 

„ , , . ^^rj, ^AT, -r^TirT. r-f- -^An c'^-y HAT '^AA 

TTC Zr.T GAA CTT GAA Lv^v : TT A._- ^^A^ , l . ..u . . ^ . -^^ - ^ ^ 

Phe Arg Giu Leu Glu Ala Phe Thr Gin Phe Gly Ser Asp Leu A.p Glu 

390 395 ^f^C 

GCG A-T CAJ\ GCA AA/. TTG AAT CGT GGT CGT CGT ACC GTT GA/. GT^C TTG 
Ma Thr Gin Aia Lvs L-m Asr; Aru Gly Arg At:^ Thr Va . G.u .a. .-u 
405 ^ ^V; 



1617 



1-7 1 



1 



1 R n Q 



: 9 j7 



I 90S 



1 5 i 



; n ri i 
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/^AA "lAA r'::A T': .'A ■ A--A ."A TT'; ';jT '^TT ;a-v A'^.^ ^:;v.\ ^-t-t" r:'^ att . ' i 

ij^:. Pro ly^ L^ki A^a \\j i ^1 - '.,y.. ' . r: Z ] ^- 

-\ 4 : ' 

CTC TAT 3CA TTT ATT TAT :;TT TAT ^:'T'r ^:^AT .AAT T'lT' TTA GTT '-AT TA: . 

Le'j Tyr Ala Teu Tnr His Tly His L*_'U A;', t' Asii \' i I Irs '/al Ar: r A.^p 

4 0 A^b 4 5 0 

GTT CTT GAT TTT GAA ACT /\AA ATG T^'C GAT TTC TTT GAT GCA AA/l" FAT 1 

Va l Tpu Asp Phe ' A ij Thr r.ys Met Ph*? Arp The r^. t- Arp ALa A.- n Tyr 

GCA GAT CTC T1^G AAC :rrA ATT ACT GAT A^;T AuAA GA:~ TTG CCA GAA GAA 1'^ 

Ala Asp Leu Leu Asn V.i 1 Ae Tiir Asp TLii hyy. A.;p L-: F r o '.A u Glu 

GCA A/\A CTT GAT G/^J^v GCA A'ZT AAA GCA TTC AAA AA'T /vCA A::G AAT TAT C._1 

All Tys Leu Asp Glu Ala lie Lys Ala ?l:e Lys A;_i: 'rh- Tnr A- ri Tyr 

4 8': 4 9'; 4-^^-^ 5^fO 

TAATAAGGAC GCTAA'^'TA ATG .^GA GCT TCA CZ'T AAC 'GAA ATA AAA ATT AAG AC* 

Mt^L j:y Al.i Le'. ;-.s:. C. 11*^ L;^s Thi Lys 

1 ■> 1 

ATT GCG TCA ACA .AAG AAA ACA AGT CAA ATC ACA G A' GC ATG VAA ATG C34 

ri Ala Ser Thr ^ys Lys ':iir Ser Gin lie Thr Gly Alu Met ^Ln Met 

1^ ^ CO 2 5 

GTT TCT GCT GCT .AAA CTT CAA AAA GCA G/vA TCT CAC GCT AAA GCT TTT C3m 

Val Ser Ala Ai a Lys Leu Gin Lys Ala Glu .Ser i-i : s Ala Lys Ala ?he 

3 0 3b 4 0 

CAG ACT TAT GCT GAA .AAA GTA CGT Ay\G ATT ACG ACT GA-: TTA GTT TCA 2 4 3 

Gin Thr Tyr Ala Glu Lys Val Arg Lys He Thr Thr Asp Leu V 1 1 Ser 

4 5 VCJ ' bC " 

AGC GAT AAT GAG CCG 3CC AAA AAT CCG Al'G ATG AT"! AAA CGT ':;AA GTC 24 « 

Ser Asp Asn Glu :^zc> Ala :.ys Asn Pro Mor Met Tie Cy3 Arq i a Vu i 

6 0 6 ''^ 7 (J 7 

AAG AAA ACT GGC TAT CTC GT'T ATC ACA TCA GAT CG! GGG CTT C-TT GGC :CC 

Lys Lys Thr Gly Tyr l.eu Val lie Tiir Get Asp Arq GLy Leu Val Gi y 

e HA q f i 

AGl' TAT AAT TCA -AAT ATT ITG AAG I'CT GTT ATA AGT' AAT ATA ':GT AAA TC;. ^ 

Ser Tyr Asn Sci A:in 11^- Ceu Lys Ser Val Tl'- Asn lie Arq Lys 

9 5 100 10b " 

CGC CAC ACA AAT GAG AGT GAG TAT ACA ATA CTT GIC CTl' GGT GGT ACG Zr^Z 

Arq His Thr As.u Glu Ser Giu Tyr Tnr lie Leu Ala leu Gly GA/ Thr 

110 115 0 

GGA GCG GAC TTT TTC .AAA GCC CGT AAC GTC .AT^^A GTT TCT TAT GTT CTT Zh'' 

Gly Ala Asp Phc Phe Lys Ala Arq Asn Val Lys T'a 1 St. r Tyr Val Leu 

12 5 i 30 ' : :5 5 

CGC GGA CTT TCA GAT CAA CCG ACC TTT GAA GAG GTT CGG GCA ATT GTT 272 

Arg Gly Leu Ser Asp Gin Pro Thr Phe Glu Glu Val Arg Ala He Val 

14 0 ' 1 4 5 1^0 ] 



AC/A GAA GCC GTA GAA GAA TAT CAA GCA GAA GAA TTC GAT GAA CTC TAT 
Thr Gi u Ala Val Glu Glu Tyr Gin Al a Glu* G 1 u F h e As p Glu Leu Tyr 

16 0 1^5 1 C 
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GTT TGT TAr /Vv:: f'AC CAT nT3 AAC I'CA TTr; r/i'A Ar;T GAf; GGA G^GG AT^. - M ^ 

Vai Cys I'vr A.^jn His Mis V.i 1 Asn :'er '/.i ] iv-i j Ala Ai a K*-.'' 

1 7 S 18 0 I 8 S 

GAA. 7\J^J\ ATG TTA GCT ATT TC'T TTT GAT GAA-^ AAA GGT GA'.' G.'V\ AA^^ GCA 2 8 L ^ 

Glu Lys Met Leu Pro 11.*- :jet Phe Asp Giu Lys Gly Asp Glu L'/s A I ri 
190 19S 200 

TCT CTT GTT ACA TTT GAA TTA GAA GCA GAT CGT Gr\fx ACA ATC TTA AAT ^n C 

Ser Leu Val Thr Phe G^u Leu Glu i'rc Asp Arq Glu Th r lie Leu Asa 
2 0 5 2 3 0 2 : S 

GAG TTG TTG GCG GY-^A TAT GCT GAA. AGT ATG ATT TAT GGC TCA ATT GTT 2-0^ 
Gin Leu Leu Prr) r;in Tyr Ala Glu Ser K*- 1 Lie Tyr Gly Ger lie Val 
2 2 0 2 2b 230 ^ - 

GAT GCA AAA; ACA GCA G/V^ GAT GCT GCA GGT ATG ACC GCA ATG GG'l AGT =012 
Asn Ala Lys Thr Aia '^^A u His Ala Ala Gi y l^et Thr Ala Met: Arq Thr 
24 C 2^10 2 0^ 

GCA ACA GAC .AAT -..CA GAT TCT GTG A'l'T AA'l GAT T"^A ACC ATT Ca^.G 1 AT ^ ; • h r. 

Ala Thr Asp As n Ala his her Val lie .Gs - Asp Leu 'Inr I U- Gin 1 y r 
IS 5 2 60 ' 26 5 

r\lKC GGT GCT ^GT 2AA GCT TCA ATT ACG CJ\I^ GAA ATT AGG GA.A ATT GTT 3 W'' S 

Asn Arg Ala Arq Gin Ala Ser lie Thr Gin Glu lie Thr Glu 11^.: Val 
270 275 290 

GCG GGT GCT TCA GCG CTA TAATTACTGT C/\AAGATTA 1 TCTCAATGTT HOC 
Ala Gly Ala Ser Ala Leu 
2 83 

ACGATTTATC AACTTGAGGA ATAAATGTTC TGTGAGT/\AA GGGTTTGAA.T TTTA^'^.TACG 32 if 

TTTGTCAGTA .A/GITTTTACT GATTAGCTTA AAA^/IGA/VFA GA/\/^TTCTGT TGl' lAGACAG 02 7 b 

AAAAT/V^AAA GAGG.AIGAAA .AACA TTG AGT TCT GGT AAA ATT ACT CAG GTT ]3 7.'7 

Leu 0-r Ser Gly Lys lie Ihr Gin Val 

ATC GGT GCG GTC GTT GAC GTG GI^JK TTT GGT TCT GAT GCG AAA CTG CCT 3 3 '/ 5 

lie Gly Pro Val 05-il Asp Val Glu Phe Gi y .Set Asp Ala Lys Leu Pro 
10 15 2 0^ 25 

GAG ATT AAC PkAT GCC TTG ATT GTC TAG AAA GAT GTC AAT GGT TTA AAA ^4 2 3 

Glu lie Asn Asn Ala Leu I^e Val Tyr Lys Asp Val Asn Gly Leu Lys 
30 35 40 

ACA AAA ATT ACT GTT GAA GTT GCT TTG GaV\ GTT GGT GAT GGT GCA GTT ^4 7] 

Thr Lys lie Thr Leu Glu Val Ala Leu Glu Leu Gly Asp Gly Ala Val 
4 5 5 0 5 5 

CGT ACG ATC GCT ATG GAA TCT ACT GAT GGA TTG ACT r-'GT GGA GTT GAA^ .r- 
Arg Thr Tie Axa Met Glu Ser Tfir Asp Gly Leu 'Ihr Arq Gly Leu Glu 

6 0 6 5 7 1; 

GTC CTT GAT ACA GGT AAA GCG GTC AGC GTT CCT GTT GGT GAA. TG^' ACT 3 5 7 

Val Leu Asp Ihr Gly Lys Ala Val Ser Val Pro Val Gly Glu ..-er Thr 
^5 80 85 

CTT GGT ^GT ^TT TTT AAT GTC --GIT GGT GAG CTT ATT GA^ GGT GGA GAA, 
Leu Gly Ar:: Oal Phe Asn OOi ^ Leu Giy A:.p Val IJe Asr. G.v Gly Glu 
9 0 9 5 lO'-:' - ^ . 
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J AT 1 TC / TT jfT 'J A' I' 'J^'A dr^J^. '^3. AJ'v'^ CC . A. V ? AA'„'\ " 'T ."''A : ' ■ 

A.-^f: ?he ^rc Ala A.-^ p A. a G.u Aro Asii i: r ■ : Hi.; . 

11'. . i\ ^ : . 

ACT TTT AAC G.AA TTG TCA ACT GCA AAT GAP. CTT CTA ACA .c;-!^ AT^T -r . [ 

Thr Fhe As[) Glu Leu ber Thr Ala n Giu Va i ..e:. \'a 1 Tii r c:y I ^. e 

i.25 130 i3:j 

.AA.A GTT GTC CAT TTA CTT GCC CCT TAT CTT ■IGj pjxj^ c-'VC CGA 

Lys Val Vd I Asp Lcj Leu Ala Pro Tyr Leu Lys 'i^y ' jlv Lys . Gly 

l-^C 14 5 :'-J 

CTC TTC GGT GGT GCC GGT G":T GGT AAA ACC GTC '^T'!' AT^' CAA C/iA TTG ^H-V' 

Leu The Gly Giy Ala Gly V.i 1 Gly Lys Thi Val. :.o;: 1 L r* Gli~: GLj Leu 

1j^ loO ,6S 

ATT CA'' /\A1- ATT GVC :^A>\ G/^ CAC GGT ':^^GT ATT T':'T GT A TTT ACA GGT 3 H ^C.> 

lie Hi:j Asn lie A_a r: Glu Hi^ Gly 31 y Jlv .;--r- '.'a! F'hu/ Tn r Gly 

1 '/ C 1 '/ :> 1 8 fj . 8 ' ' 

GTT GGC GAT CGT ACT :GT -JAC G3G AZ-T GAG CTT TAG TG(^ GAA ATG AA/\ I'-';'. 

'/ a : Giy A p A r 'j T r ^ r A r g A^. p '"^ I y A 5 r. Ar.p L " u ' 1' ■ / r '1' r r,* Glu M ^•' ^ I . y - 

19^ IQ- " ' ^a : 

GA/\ TCA lyGC GTT A TT GA.A /V\A ACA GCC ATG GTC TTT GGT CA/\ A TG /V\T ^ 'r* 5 1 

Glu Ser Gly Val lie Glu Lys Thr Ala Met Val ICie 'My Gin Me' Asn 

2 0 5 2 10 215 

3AA CCA '■:CT GGA GCA CGT ATG CGT GTT GCC CTT ACT GCT TTA ACA ATT i^^^ 

Glu Pi-o E'ro G^y Ala Ary Met Arq '/a 1 Ala Leu Thr Gly Leu Th : lie 

22 0 22 5 2 30 

GCG GAA TAT TTC CGT GAT GTT CAA. GGA CA.^ GAC GTA TTG CTT TT'^ ATC -lO^ / 

Ala Glu Tyr Phe Arg A::p Val Gin Gly G l n A.^n Vjl L^M.; Lc-u I'h'- Tie 

2 35 240 ' 24 5 

GAT AAC ATC TTC C'.L1 TTC ACT C;^ GCT GGT -^CA GAA Gl'l TCl^ "v;- y^r 

Asp Asn lie Phe Arg Phe Thr Gin A Lj Gly Cer Glu \Ci 1 Ser Ala Lc\j 

250 G55 260 C65 

TGG GGA CGT ATG CCT TCT GCC GTT GGT TAG CAA '.'-"^A ACT CTT '."^..'A AC C 4 ! 4 

Trp Gly Arg Met Pro ;:^er Ala Val Gly Tyr c-lr^. ;-ro Tr. r Leu .-.li Thr 

2 7 0 2'Jb .IS J 

ZAj\ ATG GTT CA.A TTA GAG G/u\ CGT ATC ACT T::^T A'-^'l /^A.G AJkG ' V;T ■ICC 4 L- . 

Glu Met Val Gin Leu Gin Glu A r q lie T 1: r G * - r T h r : ■/ L y s : y e t 

28 2 2 90 20 5 

GTT ACA TCT ATG CCA GCG ATT TAT GT^: CCT GCC GAT GAC TAT ACT C-AC 4 2 39 

Va] Thr 5er lie Pro Ala lie Tyr Val Pro Ala Asp Asp Tyr Tnr Asp 

3 00 30 5 ' --,10 

■■"'CA GCG CCA GCT ACA GCC TTC GCT CAC TTG GAC GCA ACA ACT AAC TC^ 4 2^'' 

':r L u Ala I'LO Ala Tnr Ala Phe Ala H : Leu Asd Ala '^Tir I'h r A:;ri Leu 

31 5 32 0 ^ y::y\ 

C^AA CGT CGT TTG ACA CAJK ATG GGT ATC TAT CCCA 'GCC rVl'V GAC 'IV A C^IT 4 3 3 ^. 

Glu Arq Arq Leu Thr Gin Met Gly Lie Tyr Pro Ala Val Asp pr- Leu 

3 3 0 3 3 5 ^ '34 c ' 34^. 

GCT TCA TCA CCA CGT GCG CTT ACA CCT GAA ATT GTT GGT GAA '2A-\ CAC 4 3c 3 

Ala Ser 2 o r Ser Arg A : a Le u Th r F' r u Glu 11 e 1 C^ 1 •/ G 1 :^ 1 H ^ s 

3 5(1 3-s ^ ,^C ^ 
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TAT GAA GTT GCA ATO GAA G^^^ -/k/k CG': GT'"' r'T'I C/vA '.JG" TA:' A_A^ ' i.AA ^-1 

'J'yr Gl': '/.j ! A . r^^"''' G.u Va 1 '.iln Ar<) ^' j 1 Le'.j : : i A r :j Tyr Glu 

TTG CAA c:AT ATC AT': iL'G A:T '/T^ OGT A': ; GAT GA/. T':'G TCA GAT ^A'l' -1 m 

Leu Glr: aVso ! Gj lie Ala lie Tt-r'- 1^ ^ V f'^-G A:-, r- Gl^j 1-". u Ser Ai.p Ai;p 

380 385 390 

GAA AAA ATT GTC GTT GGA CGT GGA CGT CGT ATG GA/\ TTC TTC CTT TCA -1 j 

31 u Lys lie Leu Vai Gly Arg Ala Arg Arq T Gir; Phe Phe L--u Se:; 

3 9 5 4 0 0 4 0 5 

CAA AAC TTC CAC GTT GCT GAA CAG TTT AC:T GG'l (.'A.G C*^T GGT IGA TAT 4v 

oln A:-^n l^he His V j ; A_ a G^u Gin Prw- Trir '^Sly Gin Tto G^y Ger 1'yi 

4 1 G 4 1. 5 4 2 0 4 C 5 

GTA CGA ATT GA'^ AAA A'"^A C"^T C^AT GAG TTG AAG GAA ATI TTG GAA GG1^ 4-. 

V:il Pre lie Asp Lys Tiir '.'al fiii A::f^ Lys G^u ile Leu CG.u Giy 

4 3'.; 4 ' ^ 4 4 

A^ T AT G A 0' G / \/^ J- ' L . C 'C 1 ' GA\ 'G 7 / ; ' T'V-" CZT G G A G- 'LA G : ' ^ ' A T T 4 - 1 

Lys Tyr Asp Glu Val L r ) ^ilu Asp Ala Mi^- Ai'": Gjy Vai Gly Ft- I.- 

44 ^ 4n J ' " 4 55 

GAA GAG GTA Cl'T GCA AAA SCA /^AA TCA ATS rry: 'PAi i AAl'TGGA^l I' 4 ' 

Glu Asp Vai Leu Ala Lys Aia Ly^ :3ei Met Gly Tyi 

460 465 

TCTTATGAAJV TGAGAAAGTG AA^ATACATT ATTG.AATGCU: /V-u-VVrTTAGT GAC/^.TAATT 4'/'. 

CTGTCGTAAG TGCTGAGl'TT T/G\GTTGTTG CGATCGTT 4 8 



(2) 1 N F0P>1AT I CM FO? S KQ I D N-J : 2 : 

ii) SEQl'EN'l^: CHARACTEHISTICS : 
( A ; L EILCT H : 1 ' ' 5- ami r: o a c i d s 
1 B ] T 't' L : am n o a ci d 
(O) TOPQLOriY: linear 

111; MCLElCULr: TYP'R: protein 

fxx) SEQ'JENCr: DLSGHIPTICN: S ID NC : 2: 

Met Thr Lys Vai Asn Ser Gin Ly^^ ^yr Cor Ly- Aia Leu Leu Glu Va^ 
1 5 10 IS 

Ala Arg Glu Lys Gjy G!n Leu Glu Ala Tit: Leu Tlir G^u Vai r Glu 

2 0 2 5 3 

Met lie Gin Leu Phe Ly::- Clu Atix\ Asn L^^-u Gly Ala Phe Leu Ala Asr^ 
35 40 45 

Glu Vai ^yr Ser Phe Ser Ala Lys Ser Glu Leu lie Asp Thr I-^i. Leu 
5 0 5 5 

Gin Thr 3 e r Ser Glu '/a 1 Yet S r Asn Phe Leu A.;; n 1' h r lie A r 3 Ser 
65 70 75 eO 

Asn Gly Arg Leu Ala Asp Luu Gly Glu lie Leu G 1 \. Glu Thr L'/a Asn 
8 5 90 ^-5 

Ala Ala Asp Asp Met Phe Lys I i Aia Asp C^al CI u IG^ Vai Cer S^-r 
100 1 0 5 1 1 'J 
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130 



1 ^? S 



Ttii 



G 1 y G 1 y P h e lie I As n :^ f-^ f A r 



1 ± e . i As p 

160 



Ala Se: Leu Lyr. Thr GI r. LtJ Ala Ly5 Tie Ala Ala Glu lie Leu 

i6S 1"^ 



irjroHM/vTicr: [--r i^t^Q id MO: 3: 

^^FQUErJCE CriAkAC^TIiH: S'lICS ; 
(A; LEMGTH: 5 00 a-mo acids 
(B: TYPE: ammo acid 
(D: TOrOL':GY: 1 iriear 

;ai; MCLECl'LL 'rVPF:: prorei- 

;xi! SEQUENGE DESGRIPTION: :]?.(^ IV r:0 



Leu 



Ala Tie Lyfi Ala A.sr. Giu lie- 5*-. 



10 



Lyx. Gil. lie 



;iu Asn Phe Thr Pro Ar.p Phe G^u Va 1 Ala Glu Thr 7, 1 y Vai 

2 0 2 5 3 0 



Thr 



^yr Vdl Gly Asp -'jly lie Ala Arq Ala Tyr Gly Leu 



35 



4 0 



Uu 
4d 



As:. 



Met 



;r Gly Glu Leu Vai Giu Phe Ser Asn Gly lie 



Leu 
6 0 



Met Ala Gin 



AS n 

65 



.eu Asp Ala 10m i A.s p 00"i 1 G;y lie lie Vai 
7 0 7 5 



Asri Pne 



Leu 

8 0 



Arq Gl 



' : 1 y A p^ '1 h r OOi 1 ; . y .s /\ i q 'J" h r 

8 5 ^(;- 



Giy Lv 



Me t. 



Gir. Vai Gly Glu Glu Leu lie Giy Arg Vai 
100 L05 



Vai A:.ri 



1 1 C' 



Leu G i Y 



h r o Vd 1 As p ( ^ ] y Leu Giy Glu Lt,- ^ As n Y \i 



Thr Arq Pro 



115 



12 0 



G L u Ala t.y s Ala P r c G 1 y OOi 1 Met G 1 n A t q 



130 



1 ^5 



L. y s 
.40 



Pro Leu Gin Thr S ^ y I -e u L y s AL a lie Asp Ala 
14 5 15 0 15 5 



Pro J 1 e Gi^ 



Arrj^ G ■ y Gin Arg -.^ 1 u I e u lie I ^ 



y Asp Ar.'^ 
17 7) 



Lv. 



1 

Th I 



/al A^a lie Asp Ala lie- Lr;u Asn G I r. Lys 
18 0 18 5 



Asp 
1 QO 



lie Tyr Vai Aia lie Gly Git: Lys GJ 



195 



2 00 



'/ a . 
2 0 S 



Arg Thr Gir; 
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Val G.u Th: Lou Ai 4 '^'/r Leu 1 y Ai.i M-'. Asp Tyn Tti r 



1 Ml /vi . 



A I 'J ' r ^ j 1 [ ; i' l<j " I P r o / L.e u T ;/ : ! J ^ - A i d 



Ala CJiy Al.-i Aid Met Gly GJ u GIu Pritj Ke ^ T'^t Aj :i G^y Lys :i:r. V'al 

2 4^ 250 20") 

Le u Va 1 Vri J T y r As p r.> Leu e r L- y s G ^ n Al n \Ai ^ A i a T y i A r j G 1 u 

2 60 ' 2 6b 27 0 

Leu Ser Lei: Leu Leu Atg Arg Pro Pro Gly Arj ^Jiu Ala Tyr 2rc G i. y 

27^ 2ec 2eo 

Asp Vd : i'he Tyr: Leu f^er Arq Leu Leu GIu Ar-:: AG a Ala Ly5 Leu 

2 90 29 3'.'.. 

Sei A£;p A::p Leu Gly Gly G^y 2*^! Me*: Thr Ala 2^". t i o 11^ Giu 

30^. ' 3 10 '^1 y^'- 

r 1 r rr. :i : Ar.ri \ It- 2 - : 



3 4 0 3 4 5 3 5 0 

Vdl Arq Pro Ala lie Asp AJ a Gly Ser Ser O'a 1 2*^ r Arg Va i Gly Gly 

35:) 360 365 

Ala Ala Gin lie Lys Ala Met Lys Lys Val 2.1a Gly Thr Leu Arq Leu 

37 u 375 380 

Asp Leu Ala Ser Phe Arg Glu Leu GIu A. a Fhe Thr r'An Phe Gly 2er 

385 390 3 95 100 

Asp Leu 2\sp Glu 2.1a The Gin Ala Lys Lea As n Arg Gly Arq Arq I'h r 
-10 5 4 10 4 15 

Val Glu \-al Leu Lys Gin Pro Leu Kis Lys Pre Lt.'u Ala \'a 1 ' ■ : Lys 

42 0^ 425" 43 0 

Gin Val i.'^u lie Leu Tyr Ala L*-'U Thr His Gly li^s Leu Asp Asr. O'a 1 

4 3 S 4 4 f J 4 4 5 

Pro OOi ]. A s p As p Val Leu Asp P h e G 1 u 70 1 r 2 y s M - ^ 7 'r > - A., [■ 1 h e Phe 

4 50 4 55 4 6'"i 

Asp Ala 2\sn Tyr 2\1 a Asp Leu Leu Asn O'al lie l\h r Asp Thr Ly.'-- Asp 

4 65 4 70 47 5 ^ 4 60 

Leu Pro Glu Glu Ala Lys Leu Asp Glu Ala lie Lys Ala Pru- 2'_,-s A.-a: 
4 85 ' 4 92 ^ 4-^^;. 

Tnr Thr Asri Tyr 
500 



[2) TUFCPM/aTIO:! lor SL/2 id NO: 4: 

^i; SEQUENCE CIIAPAGTERI 2TIC2 : 
OAi LP:r:GTH: O'^^ amino aoid: 
■ B I TVr 2 : ami :;o acid 
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44 



_ .1 .' 



1 

Lys Thr 



I.eu Gin 



Lys Val 

5 0 

Ala Lys 
Leu Val 



[■-; TOrOLO' 

MOLErilLh: TYFt. : 
, SEQUENCE. DF-SCP: 

Ala Ser T.eu fKsn 
5 

Ser Gin T le Thr 

20 

Lys Aid Glu Sex 
Arg Lys lie Thr 



linear 
i.i r t c i r i 

Glu lie 



Gly Ala 



Wit:. Ala 
40 

Thr A^r 
5 5 



Lys Ihi Lyr 1 i 
10 

Met Gin Mt-^" '-'^"i- 

:.ys Ala Ihe Gin 



/v.Ki Se 1 In: -y- 



L'.or Ala Ai^H Ly: 
30 

T:.r Ty: A. i Gl 



4b 



Asn Fro Met Met 

7 :) 

Tie Thr Ser A.sn 
8 5 



Arq G:y 



Leu L'al S-^ Lei 



Ar .] Glu Vdl Ly 

7 5 

Val Gly 5. 



Asn Glu Pre 



Th: 



Tyr 

BO 



He Leu 

Ser Glu 

Lys Ala 
130 

Gin Pro 
145 

Glu Tyr 
His Val 
:ie Ser 



Lys Ser Val He 
100 

Tyr Thr Tie Leu 
115 

Arg Asn Val Lys 



Set As: 



I : - Ar Ly-. Arq 



Thr Phe Glu Glu 

150 

Gin Ala Glu Glu 
165 

Asn Ser Leu Val 
180 

Phe Asp Glu Lys 
195 



Ala Leu 
120 

Val Ser 
135 

Val Arg 
Phe Asp 
Ser Glu 



Gly Gly Thr G^y 



Gly Asp 
200 



y r Val 1- e ^ Arq 
140 

Ala Va^ Thr 

Glu Leu Tyr Val 
170 

Ala Arg Met Glu 
185 

Glu Lys Ala Sei 



■1 ,-r Asn .-et Asn 



Hi:; Tnr Asn G^u 

:io 

Ala Asp in- 
125 

Gly Leu Sei Asp 



Glu Leu 
210 

Tyr Ala 
225 

Glu Hib 



His 



Ala Ser 



Glu Pro Asp Aig 



Glu Ser Met He 
230 

Ala Ala Gl y Met 
24 5 

Va 1 He. Asn Asp 

260 

lie T ; : t G ^ n G ^ u 
27 5 



Glu Thr 
215 

ryr Gly 
Thr Ala 



He Leu Asn Gin 
2 2 O 

r>e r : I Val Asp 
2 3 5 



^- ■ u Al a Va ^ Gl u 
160 

/yr. Tyr Asm li'^s 

17 5 

Lys Met l.ea Pro 
190 

L,^u Val Thr Phe 
205 

L-u Leu Pr -'^' Glti 



Ala Lys Tl:; A., a 
24 0 



Met Arg Thr Ala 
250 



Leu Thr He Gin Tyr Asn 

^^5 



Tm Asp Asn Ala 

255 

Arq Ala Arq Gin 
27 0 



I le Tnr 
230 



g:u h- Val a: 



Gly Ala 

2>^5 



Ma 



Leu 
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:nFOF-'MAr : ON FjR 5 Eg in n:. : ^j: 

< : ' Sr^CJEMCE: CHA^iACTKF : ST I CS : 
sA; :.F.IJGTH: 4C*> am: ric acidis 
( 3 ! T '1' F E : a ^ n o a c : d 
CJ] TOrOLOGY: linear 

(ix. MOLECULE TYPE: protein 

(>:i; .SEQUENCE DE.S CRI PTI OM : SEQ ID NC»: 5: 
Leu Ser Ser Gly Lys II': TFir 01 n Val lie Gly Pro Va 1 Val Asp Vai 



Glu PFje GJ, y oer Asp Ala Ly:3 Lou Pro Glu lie Asn Asri Ala Leu I i o 

20 25 30 

Val I'yr \.ys Asp Val A:-:n Gly Leu Lys Tli r Ly:% z:*: Tnr Leu Clu Val 

Ala Leu Glu Leu 1 y Asp f-;i y Ala Val Aiq T\\r lie A. a Ke*: 01 u 3^-r 

I'hi Aijp 01 y J.eu Ohr A^o '=-^7 -^'''^ - 2-^"-J A.O-' 'I'^' ^ G_y Ly;- AVi 

6 5 7(; 7 5 8:i 

Va . Ser Val Pro Val Gly 01 u Scr Thr Lou 0:y Ar'] V.i : Fhe Asr; Val 

B 5 9U 9 5 

Leu Gly Asp Val lie Asp Gly Gly Glu Asn Phe Pro Ala A.sp Al i Glu 

100 105 110 

Arq Asn Pro lie His Lys Lys Ala Pre I'hr Phe Asp G]u Leu Ser Thr 

lib 120 125 

Ala Asn Glu Vai L^eu Val Thr Oly lie Lys '/dl Val Asp Leu L-.-u Al.i 

1 3 0 13 5 1 4 'J 

Pro Tyr Leu Lys Gly Gly Lys Val Gly Leu P-e Gly Gly Ala 0..y Val 

145 IbC 155 iFO 

Gly Lys Tnr Val Leu lie Gin Olu Leu I l o His Asn lie Ala Gin Giu 

16 5 17 0 17 5 

His Gly Gly lie Set Val Phe Tnr Gly Val Oly Asp Arg I'hr A:q Asp 

1 B 0 18 5 1 9 ;3 

Gly Aon Asp Leu i'yr Trp Glu Met Ly:^ y.w- oly Vai 11^. (Ou Lys 

155 200 2!05 

Thr Ala Met Val phe Gly Gin Met Asn Glu ''ro Pro Oly Ala Arg Met 

2 10 2 15 22 0 ' 

Arg Val Ala Leu Thr Gly Leu Thr lie Ala Glu Tyr Ph*- Arg Asp '.'a I 

22 5 230 2 35 24 0 

Gin Gly Gin Asp Val Leu Leu Phe Tie Asp Asn lie Phe Aru rh.- T^hr 

24 5 2 50 '25': 

Gin Ala Gly Ser Glu Vai .7er Ala Leu Trp Gly Arg Met Pro :0.- r Ala 

260 265 2,^0 

Val Gly Tyr G 1 r: Pro Thr Leu Ala Tnr Glu Me-, V^il 01 n l.eu -Is 

21 1 2^0 " H S 
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Arq i.e Sei I'hi I'/s ..yn ^^ly i i : ; >ri A. i II- 

2 Q 2 ' 

Tyr \'ci^ f ro Ala A^;r A.:r T y r Thr A^p ! rc A^ \ :: A.i Th: a: \ t h 

5 0 5 3 1 f ' i i : ^ 

Aid H ^ 5 Leu As p Ala Z' h r 'I" r. r As r. Le u u A i j A i ; L ^ u T h r '.^ 1 r^. Ke t 
325 330 

Gly IIo Tyr ?ro Ala \'al Asn F:c. Ltju A: 3c r :^ - : :A': Ar 7 A:j Leu 
34C 34.^^ 350 

Thr Pro Giu lie Vai Gly G^^ Glu Hi^ Tyr Glu A..r, X..^ t 1 u \'a i 

355 3 60 ^65 

Gin Arg Val Le;^ Gin Arg Tyr Gys Gij Leu G^r: Asf: lie I I a:^ lie 

3 7 0 3 7 5 i P 0 

Leu Gly Met Ar.C' Glu Leu Se: A.^p Asp Glu Ly.^ : - •■- Leu \'u , ■ . ■/ Alh 
3 8 5 3^0 S''^ ^\ 

Ala A r q Arg I 1 G l r^. P r- e F h e L^: u S e r G 1 [ 1 A . 1 ; ' i e ■ . \'a 1 A i • . G 1 
4 <J 5 4 10 4 1'; 

Gin Phe Thr Gly Gin Tro Gly S^r I'yr Va 1 L r u. Tie A.--:p Ly.s Thr Va : 
42 0 4 2 5 4 3 0 

liis Asp Phe Lys Glu Me Leu Glu Gly Lyu Tyr Asp G.u Va 1 Glu 
4 3 5 4 4 0 4 4 5 

Asp Ala Phe Arq Gly Va 1 Gly Pro Tie Glu A.sn V.i : Leu Ala Ly:. Ala 
4S0 455 460 

Lys Ser Me V Gly Tyr 
465 

{2} INLORMATlCrJ FOR 3 £Q ID : 

(1; SEQUENCE GHAFAvCTERIGTlCS : 

(A) LENGTli: 2207 b^se pairs 

(B) TYPE: nucleic acid 

(C) STPAIIDEDNFSG : 'ioubie 

(D) TOPOLOGY; linear: 

(11 i MOLECULE TYrE: DMA (genomic'i 

fill) HYPOTHETICAL: NO 

[IV) .AIJTI- JEN3E : NO 

(VI) ORIGINAL SOURCE: 

(Aj CRGA!iISM: Lactucoccus lacLi.-; suD:-p. lacL.s 

( iXi FEATURE: 

'A) NA.ML/KLY: CD5 
(B) LOCATION : 4 . .633 
( 01 OTHER INKOP.MATION : /partial 
/ ccdon_5 tar t= 4 

/product^ "ATPase suDunit. , partial sequence" 
/gene- "atpA" 

/■ s r. andard_name^ "alpl^a .sub unit cl the Fi p^rtmn 
of the FOEl ATPase" 
/label- a 1 D h. a -■ s u b u n 1 1 
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jrf:: 
na:-ie/key : c::j:.; 
L' ' :a'::om : " . . : i m 

"^THhlr rri FORK at: on : /' ■ ■odcr._:; 1 ' ^ : 
/product'- "AT Pase subunit" 
/r: ~ *V^t, pG" 

/ b t a n d a r d_ n ame - " g amiria s u b j n 1 1 -^.O the I I'^-^iZio n 
ct the FOFl ATPase" 
/ labei^ qarm;a ~ s ubuni t 

(1X1 FF.ATURF: 

;Ai NA>!E/Kr:Y: CDS 

(3) LCCATIO::: 16^4. .2205 

OTribH i:]FORyj\-V lOi: : /partial 
/ Lj o a o r : start- 1654 

/' p r a u c t ~ " AT P a s e s u b u n i *: ^ ^ r ■ i ^ s q u n c f^: " 
/ qene " a tp D " 

G t a n d a r d n an:e - "bete-: 53 ud j n 1 1 o f the F 1 p f ; r 1 1 r 1 o : 
tfi- FjF: at Pas e" 
' 1 a I) 1 - b o t ■ } s u b u n 1 1. 



( [ 



ixi; ::F'^oe::cl l-fsc^ : ptioi: ; ro fiL : o: 

T^^A TTC :'Ar TTA OA? TCA CGT >':TT TTG GAA GGT C-:': G':'C AAA TTA TCT -O^ 

['he T y r L, u ii 1 s S e r A r g Ia^u Leu G 1 u A r ' j A 1 a 1 ci I. y h e- u :3 e r 

4 7 0 4 7 5 4 8 0 

GAC TAT CTT GGT GGT GGT TOA ATG ACT GCA CTG CCA ^I'TC ATT GA.A ACA ^6 

Asp Tyr Leu Gly Gly Giy Ser Met Thr Ala Leu Pre Fhe He Glu Thr 

48 5 4 90 4 9b 50 0 

C.A.A GCC GGA GAT ATC 1'CA GCT TAT ATT GCA ACA AAC GTT ATC TCT ATT 14 4 

Gin Ala Gly Asp Tie Ser Ala Tyr He Ala Thr Asn Vai He Ser He 

'505 5:0 515 

ACT ''^^AC GCT Cr^JK ATT TTC CTT G/kTk A.^T GAC TTA TTC ']'AT TCA C^^.T GTA 1 

Thr Asp Gly Gin lie Pho Leu Glu Asn A:.p heu L'hr- Tyr 5nr Gly Va I 

520 525 ' 530 

CGT CCT GCC ATC CAT GCT GGT TCT TCA GTT TCT CGG GTT GGT GGT GCT 24 0 

Arg Pro ALa lie A^p Ala Gly Ser Ser Va 1 Set: Arg Va 1 Gly Gly Ala 

5 35 54 0 "545 

GCA CAG ATC A.AA GCC ATG AAG AAA GTT GCT CGT ACT TTG CGT CTT GAC 268 

Ala Gin He Lys Aid Met Lys Lys Val Ala Gly Thr L--u Arg Leu Asp 

5^0 555 500 

;TT GCG TOA TTC CGl^ G.hA CHT GAA GCC TTT A2T 02^^^ T'H CGT 'CCl GAl' 

Leu Aia Ser P:ie Arg Giu Leu GLu Ai a Fhe 'Vhr Gin Phe Gl v Ser A-;p 

565 570 575 ' 580 

CTT GAT GAA GCG ACT CAA GCA AAA TTG AAT CGT GCT CGT CGT A^^C GTT 

Leu A5p Glu Ala Thr G i r. A. a Lys Leu Asn Arq Gly Arg Arg Tr. r 00 i I 

58 5 5 '^0 =)-5 

GAA GTT TTG A^\G CAA CCA TTG CAC AAA C-^^A TTG GCT ^TT G^Jk 2Jw-. c;\A 4 H 

Glu Val Leu Lys Gin Pro Leu His Lys Pre L*-u Ala Vn\ Glu Lys Gin 

600 605 610 

GTT TTA /\TT CTT TAT GCA TTG ACT CAT GG'T' Z.^r TTG C2vT GAT CTT -^CA 1'^': 

O^ul L^u He Leu Tyr A^a Lf-u Thr H: s G^y His Leu A.;p Asp \0 1 Pra 

6i 5 62'.; ' 02 5 * 
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GTT GAT GAC r^C ■ "■I'T '"^AT TTT GA 
\'^. Asp Asp Va: I-u Arp Pr^o 



nCA AA.T TAT GCA .A/AA CT:: T'^G 



■ 'Y~c '^T'" ■/•AT 
;n \'a I A: Pne 



ATT AT': G/vA ATT -JvA ^A": T^ 



Asri Val Tn:- n lu Tn: 1-7-'=; As-^ C; 



Airt Asr. Tvt A- a ly5 Le - L 
64 5 ' 

CAO AAC AAO CAA AAC TCS ACS AAC CAA TTA AA. CAT T^T AAA ATA CAA 

Gin Lys Lys Gin Asn Ser Thr .ys Glr. i.,.- H.. . r 

CGA AT- ATT AATAAGCAGC; CT/vATCTA ATG GGA GCT TCA -. r: AAT GA.A A. A 
Arg He Lie --^^ ' ^ 



^ .CT AT. OCC TC. .CC «T .T. ACT C.A 

Lvs Thr Lys .le Axa ^ec inr ^j.- ijj ^ ^'-^ 
10 1^ 



ra^ A-G r.-r -CC: GCT GCG AAA C-T CAA .Wv GGT G,V. TCT GA : GC G 

ATG LA.-. H.I--. . i .-- I -.^ 

Met Gin Met Val Ser A.a Ala -y:* i-eu G... l.y-; -l- - - 

25 

AAA GCA TTT CAA ATT TAT GCT GAA AAA GTT -;.T .V^ ATT ACA ACT GAT 

Lys Aia ?he Gin He Tyr Ala Glu Lys Va:_ Arg s . Le l..r .h- Asp 



45 



GTT TCC TCT GAC AAA GAG CCA GCT AAG AAT CCA Al'G ATG ATA GGA 
V.u vll sex ser A.p Lys Glu P.o Ala Lys Asn P.o Met Met .le Gl, 

60 

J- ri: ^ S - -I ^ - -V 

75 80 

CTT GTC GGT GGC TAT ^Af TCA TAT ATT TTG A^vA TCT GTC ATG AAT ACT 
Leu val Gly Gly Tyr Asn Ser Tyr He I.eu Lys s.-r V.J Met A... Thr 
90 5 5 

A-r "GT AAA CGT CCT GCT AAT G/.A AGT GAA TAT ACT ATT CTT GCA CTT 

lie ir', ^y^ Arg Pro Ala Asn Glu Ser Gl. Tyr Thr He Leu Ala Leu 
105 

GGC GGT ACT GGA GCA GAF TTC TTC GGA GCA ACC AAT CTT AAA A/Vr TTC 

G]y Gly Thr Gly A.a Asp Phe Phe Gly Ala r^e, Asn V.l Lys Se Phe 

1 ? S ^ ' ^ " ' 

TTA GTC CTT TGT GGT Tl'T TCA GAC CAA CCA A/w TTT C,.^ GAA GTT AGA 

Leu Val Leu Cys Gly Phe Ser Asp Gin Pre A. n Phe Gl.. Olu Val ..rq 
140 

, ^r.r. r-^r r—a B'-"- GAA "^AT ''AA GGA QT^-^ GAA TTT GAT 

GCG ATT GTT ACA GAA GuG G.A A-. GAA .A. 

Ala lie Val Tnr 3lu Ala Val Thr Glu Tyr Glr. .nla > , . G.a Ph^ Asp 

155 Ifcf 

GAA CT- TAT GTT TGC TAT AAT CAC CAT GTG /VAC TCA TTG GTA AGT GAA 
G-u Leu Tyr Val Cys Tyr Asn His His Val Asn Ser Leu va. .e. 

no 175 -a- 

GCA AGT ATG GAA AAA ATG TTG CCT ATT TTT TTT GAA GCA TCA GGT CAA 
f-a s-^ M-t Glu Lys Met Leu Pro lie Phe Pne G.u A.a Ser Giy -.in 

185 ^yf' 



o2 4 



8 1 



B67 



91' 



0 I : 



1 107 



11' 



1203 



12bl 
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a.-.a cc-a 'V'V'V tti gaa aca ttt gaa t'iw g/w\ ';.:a '^at 'I'gt ^;/v,k aca i.:^^ 

V'in Ly:z ':'r<.' hh.- ''U;. Thr Th*' Giu L-- - Trc Ar,p Cys Gja I'tii 

.'^ : ■ ' 1 ' 

ATT TTA AA^." CAA T'l": TT': Cv;A :A.Vv TAC GC:' GAA AGT A'lG ATT TA^r GG: . 

lie * Li As r. Gin i - - ij Le u Pro V i o T y r A . a i S o i T-l-. t I i T y r i y 

2 2 (3 2 2b 23 <") 

TCA ATC GTT GAT GCT AAG ACA GC7^ GAA CAT GCT GCA GGT ATG AGA GCA 13^-5 

Ser lie Val Asp Ala Lys Thr AJ u G.l 'j Hi; Ala Ala G'. y Me^. Tiir Ala 

2 3b 240 2 ^ b 

ATG GGT A2T GGA AGT GAT Au^VI' GGl" GAG TGT G^rT ATC AAT GAT TTG ACT j '1 4 

Met Arq Tnr Aid Thr As^^ A:sn A 1 Hi 3 5' or ''/a 1 A^n Asp Leu Th r 

2br; 2bb 2 6C 

A'T^T :^AA TAC A.^C GGT GGT GGT '-"AA CiGA TGG ATT A^- G GAA GAA ATT AGG j 4 ^ 1 

1 . -ijlii 2'/r Ar. r: Arq Al A::; G 1 i: AJ .-i i^o: .1 1 Thr C^, n "Jl'^ : 1 Thit 

2 6b 270 27b 2 8 i^i 

GAA A':g^ GTT GGA GGA GG':' TGA GGG CTT T/^.GTT':'AGTG A^ AGGAATT'^ ! ^ — - 

Gi. ] X_e 1 /\. V^G y Al :i G^-r Ar a Leu 



TGTCAGTGAT GG'G:TTG.AAT GT IY^.-'XTTGTT TT^GT*:2^GTA ;w\TTTTTAG TGAG.AkACAT Ib^n 

AAAAATG.AAT AG.AA/G:'T G'IG; TTGTTTGAGA GAA/vGT2\AyV\ AGAGGAGG2•u^ /VAA'G\ TTG Ih'^h 

Leu 
I 

AGT TGT GGT AAA ATT ACT CAG ATT ATG GGT GGG GIG GTT GAG GTG GTkA 1704 

Ser Ser G.y Lys He Thr Gin He He Gly Fro Val '/al Asp Va 1 Gli: 

5 10 lb 

TTT i:;GT TGT GAT GGG AAA TTG GGT GAG ATT AAG AAT GGG TTG A'rT GTG Hb2 

Pne i:Gi y s^-'r Asp Ala :r/s Leu Fro G L u lie As n Asn Ala Leu "I _ Gal 
20 ' 25 JO 

TAC A/Ai GAT GTG A/VF :^GG CTA AAA ACA /A-A ATT AGT G'T'2 GAA ^71"!' '4GT iW'.'-^ 

Tyr Lys Asp Val Asn 31y Leu Lys Thr Lys 1 1 e- Thr Leu Giu '/a 1 Ala 
3b 4 0 4b 

TTG G>\A CTT GGT GAT GGT GCA GTT CGT ACA ATG GGT AT^G GAA TGT ACT 134B 

Leu Giu Leu Gly Asp Gly Ala Va : Arq Tiir Lie Ala Met Giu 2er Thr 

SO 5 5 60 6b 

^^AT GGG TTG AGT GGT :.GA GTT GA.^ GTG CTT GAT A(A GGT PJMk GGA GT:^ 

Asp Gly Leu Th t Arq 31 y Leu G L j Val Leu Asp ^Lr Gly Lys Ala V:il 

7 0 7 b e 0 

AGG GTT GGT GTT GGG 3AA GGG AGT GTT GGT 'VGC GTT TTl' AAG GTr: GT'l l94 4 

Ser Val t'ro Val Gly Giu Ala Thr Leu Gly Ar^j Val Pne Asn b7i 1 L^-u 

8b 90 9b 

GGT GAT GTT ATT GAG GGT GGG GAA GAA TTT GCT GCT G/VI GGA '.^-AA GGT .^^-Z 

Gly Asp Val lie Asp Gly Gly Giu Giu Ph^ Ala Ala Asp Ala Giu Arq 
10 0 10 5 1 1 U 

/A'.T CGT ATC CAT AAA AAA GCT G^A ACA TTT GA--" GAA. TTG TCA AGT GGA 2 0 4 0. 

As n Pro He His L '/ 5 1. y s A la 1 r o Th^. r T h ^- As n G ^ u leu Ser Thr Ala 

lib 120 ^ 125 



BNSOOCiD: <wo «iooeeAi JU> 



wo 98/10089 




FCT/DK9 7/003 73 



/vAC ';AA STT ^Z'S li'iA A.'T (S>-7y A'V^ AAA 'VV: ■": ' ,A : -^TT /'JT ^.i^^- 

Ai;:. J^u Vai Leu V'a 1 17: l" G:>' I ^ ^' Ly.s '/a i . A:f:p Ix- i /\ . j t' r c 

1 3< 1 i=) 1 M . ^ 

TA^/ '^TT AAA GGT liGT AAA GTT G :^A C""! ITl" '"OT GG7 ;:'J GGA G'l'T GG': I 

Gyi Leu l,ys C^ly Gly Gys Vai G^y Lou r'h^- G^ y G] y /U a Gi y '>G; j Gly 

IbO 1 5 b ^ ibi,^ 

AA.A GCG GTC CTT ATT C.AA G.AA TTG AAA CAC A.AC ATG GGG CA.A G/A^ CAC ^184 

Tys Ala Vai Leu lie Gin Glu L-ju Lys His Asr. Lie Ala Gir. G 1 u His 

165 170 175 

GGA GGT ATT TGT GTG TTT AGG GG 7 2:;; 

Gly Gly lie Ser Va^ Fhe Ihr 
18 0 



(7; INFOIW^T LCK F"OH 7t:v ID NO: 7: 

SEQUENCE gkaracte?:st:gg : 

I A} LErJGTH : 7 10 ammo acids 

(B) TYPE: arr.itio acid 

(LG) T070LGGV: .1 moar 

(II) MOLECULE TYPE: protein 

(XI ; SEgUENCE DEoCRIPTIOr/: SEQ IG NO: 7: 

t' n e T y r Leu His Ser A iq Leu Le u G L u A r q A : a A la 7 y s Le u 7 : As :> 

I 5 1^ 15 ' 

Tyr Geu Gly Gly Gly Ser Met Thr Ala Leu Pro Phe 1 J. e Glu Thr Girt 

20 25 30 

Ala Gly Asp lie :Ser Ala Tyr lie Ala T7r /Gs n 7Gi7 l\.e 7er lie 7nr 

3 5 4 5' 4 7 

Asp Giy Gin I^e ?he Leu Glu As:. As p Le u P : : e T y i 7 r G ^ y 7'. i i A r q 

5 0 5 5 6 0 

Pro Ala lie Asp Ala Gly Ser S^.-i Vai Ser Arq Vai y 0, ly Ai i A.l a 

6 5 7 0 75" 80 

Glr^. Tie Lys Ala Met Lys Lys Vai Ala Gly Thi r Leu /\rq Leu Asr Leu 

8 5 9 0 ^ ^-^5 

Ala Ger Phe Azq G.lu Leu Giu Ala Phe Thr Gin Pfie Gjy Ser Asp Leu 

10 0 10 5 lie' 

As p Giu Ala Thr Gin Ala Lys Leu As n Arq G 1 y Ar q A r q Thr 77i 1 Glu 

115 120 ' 17 5 

Va 1 Geu Lys Gin Pro P ^ ' u His Lys Pro Leu Ala Va ^ G ^ u Lys 7 1 ri '7ci i 

X 3 0 1 3 5 14 0 

Le.. lie Leu Tyr Ala Leu Thr His Oiy His Lf--j Asp Asp Vai Pr:. Vai 

" 150 155 160 

Asp Asp Vai Leu Asp Phe Glu Thr Asn Asn Vai Arg Phe Fhe Asp Ala 

165 170 175 

As n Tyr Al a Lys Leu Leu Asn Va J lie T n r Glu Thr L v z As p 0 G ^ n 

18 0 i B 5 1 9 0' ' 



BNeOOCID: <wo_«iooeeAiju» 



w o 98/10089 



51 



PCT/DK97/00373 



Lvs Lvs 'J^t: 



■r Thr Lys ' '>'. n L*-.-u iiiJj l.yr. ] I <"> i w 



1 ') 



(2) TNFOPI^A-T-IO:: FOP SF'J ID NO: 8: 

1 ;■ sr.Qu'FMCH: CHARACTERISTICS : 
:a; I.KliGTIi: 2 8^- am^r.n acids 
; E ; T Y r E : a m L Ti c acid 
' D , TOPOLOGY ; 1 inear 

(ii: MOI.ECOLr: TYPE: protein 

(XI : OKQUEM'^:', DKSC i PT I Or J : SEQ ID MO: H 



Me^ G]y Ala Ser Lea Asr. Glu lie Lys Th r Ly 



A I . 



:r Th: 



Thr So 



a: a Mf-^- Oi: 



Ma 



Lvs 



Leu Gin Lv. 



A^a O^u Lor iiis Ala Lys A^ a PL- I^e Tyr Ala Oii: 

4 0 S 



Lys Va L 



Ara 



Ly3 Tie Thr 'Ir. r Asp Leu Va :. Oer Set Asp Ly.^ -0 1 u Pro 

b S 6 (J 



Ala Lys 
6S 



Pro Met Met: lie Gly Arr^ G.l u Va^ Lys Lys Thr Gly Tyr 

7 0 7 S BO 



Leu Va 1 lie Thr L r As p Ar q I y Leu Va G 1 y Gly Tyr As n S e r Tyr 

H 5 9 0 s 

lie Leu Lys O^-r Va : Met. Asn Thr lie Arq Lys Arg Pro Ala Asti Gla 

^Oi; lOL 110 



Tyr 
lis 



Tr.r lie Leu A^a Leu Gly Gly Tht Gly Ala Asp 11p- ?h%: 
10 0 . 0 S ' 



Gly Ala 

1 3 0 



Asn Val Lys 3er The Lea Veil Leu c:ys G^y Phe Oe:. Asp 



135 



1 4 0 



Gin Pro 
14S 



Asn Fhe Glu Glu Val Arg Ala lie Va . Thr Giu Aid Va 1 Thr 



ISO 



lb: 



Glu Tyr G 1 r: Ala Gla G . u L' h e Asp G L u Leu T y r Va 1 y s V y r As n H i s 

U)S 170 i 



His Val As 



Leu Va 1 S e I G 1 u Ala 3 e r PK- t Glu 1. y s Met L - u f ^ t ; 



ISO 



185 



190 



lie Phe Phe Glu Ala Ser Gly Gin Gin Lys Pro Prie Phe Glu 1 h r Phe 

19 b 2 00 2 0b 



Glu Leu Glu Pro Asp Cys Glu Tm 1 1 Leu A.sn Gin 
210 ' 215 220 



Leu Lie Pro 



Tyr Ala 

7 -) 



Glu Ser Met lie Tyr G^lV Ser lie Val Asn Ala Lys Thr 
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,M,; A. a ;.y M*-^ '~.h- A. a r A r ^: L : A.. Tr.: --.^^ 
'/^i 11" A.:n A:a> Th: Tyr A: A: ^ Al.i ■■. 



Aia Ser He Thr G.n Glu He Thr Glu 1^- V j i Ai i 'Ay Ala .-t A_ a 

27b 280 ::e^ 

Leu 

H i TKFC:^'AAION r '.'P 5 EQ 11^ NC : ^: 

'1, :H''jUENC:iL CHAPACTERI STICn : 
(A; LErJGAH: IR^ amine acids 
( E TYPE: amino acid 

! 1 ' T-JPC l.CAJV : linear 

(11) MO L ECU L K TYPE: protein 

Axi; SEQUENCE DESC ?. I PT I CNA r-^EQ IV MO: : 

Leu Ser 3er Gly Lys lie Thr Gin lie lie Gly i^r.o Val Va 1 AoC Va 1 
i 5 10 H^ 

Glu Phe Gly 5er Asp Ala Lys Leu Pro Glu lie Asr: Asn Ala Peu lie 
2r) 2^: 30 

Val Tyr Ly£ Asp Val As n Gly Leu Lys Thr Lys He Thr Leu Glu Val 
3 5 4 0 5 

Ala Leu Glu Leu Gly Asp Gly Ala Val Arq Tr. r He Ala Met Glu Ger 
50 ' 55 uC 

Thr Asp Gly Leu T:.r Arg Gly Leu Glu Val Leu Asp Th^r Gly Ly^ A^a 
6 5 7 0 7^. Re 

Val Ser Va: F'ro Val Gly Glu Ala Ttir Leu Gly P^J. g Val Phe As:, Val 
B 5 ^ C 5 

Leu Gly Asp Val lie Asn Gly Gly Glu Glu Phe Ala Ala Asp A. a Glu 
i 0 0 ' ICS HO 

Ar^T Asn Pro He :{is Lys Lys Ala Pre Thr I'h'- Asp Glu Leu S^-r Thr 
^ 1 H. I ? 'J i 2 5 

A^a Asn Glu Val Leu Val Thr Gly He Lys Val Val Asp Leu Leu Ala 
13 0 13 5 1 ^ >1 

Pro Tyr Leu Lys Gly Gly Lys Val Gly Leu Phe Gly Gly Ala Gly Val 
145 150 155 160 

Gly Lys Ala Leu lie Gin Glu Leu Lys His Asti He Ala Gin Giu 

165 170 ,7^ 

His niy G^y lie Ser Val Phe Thr 
IBG 

(2; INKOPMATION EO'R S EQ ID NO: 10: 

SEQUENCE CHAPAGT ER I ST I G S : 
LA: LENGTH: 2 161 base pairs 
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■' 3 ) T V V 'S. : n u c 1 e 1 c j c 1 1 1 
: [■■) TZ'V jIjO-T: : 1 : n^ri i 

.X-.; HYPOTHETICAL: NO 

I VI ) OPIGINAI, SC'uRCb: : 

;A) C'R''JAiJI : : J t r t o coc cu s r l^.e rrnop h i ] u s 

; H ; ^JTRAi:: : :^'r 

1 X) r E:ATUPT::: 

(A' NAML/KFY: 

( B ) L'J JATICtM : - .63'^ 

: u 'J'THEP : r: i-'OPM^Vr : OtI : / na r 1 1 a J 

pr'-duc^-- "ATE'a'_e* ;-iiij.u::*, rrii»-i,il sequence" 
'ar-ne-- "arpA" 

■ 1 a h. e i ^ /i 1 p n a . ; u ij u n ^ : 

L>: 1 FEVaTUPY:: 

{A) N.AMF/KEY : CDS 

(3) L'DCAT J > : 65 9 . . 15 3'/ 

[ ::C OTiih:P IKF0P>:ATT0N: /codon_s tart-- 6-.^ 
, D r d\:c*. =^ "ATFase subanit" 
('::erie- "atpG" 

/Y'tandard name "gamrr..^ :5ub'anxt of the Fi per*' ion 
ol tn^- FOFl ATPase" 
.'late.- g a rnjr.a ■ s burnt 



E'ELATUP.-;:: 

(A) N.AMK/KEY: CDS 
f B ; JCAT I 0:J : 16 16. .2161 
( V ) OTH?",? I rj 1 OP^^LAT : ON : / pa r t 1 a 1 
' r ' o d o n _ s t: a r t = 1616 

.'product = "ATPase subuni*., p^artial sequeru:e" 
■'gene= "atpD" 

■"tandard namt:'^ "beta 3uiDunit ol t:he Fl portion ot 
trie FCFl ATPase" 
CiabeJ ■ beta-subunit 



(xi) CE/jUKNCE: DE3C:RI PTION : SEQ ID NO: IT): 

T GAT TCT CAT CTC CAl: TCA GOT CTT TTG GA/\ GOT TCA GC']^ AAG GTT A 
A:5p S^'^-r H. IS Leu liis Ser Arq Leu Leu Giu Arg S^r A 1. ci Lys Leu 
1 8 S 19 0 .93 

TCA GAT GAT CTT GGT GGT GGT TCA ATG ACT GCC TTG CCA ATC ATC CAA. 
Ser Asp A,^ p Le u G : y CJ 1 y G 1 y 3 e r Me t T h r A la L - ; u P i o lie Tie G 1 n 
2 C 0 3 0 S 2 10 3 1 3 

ACA CAA GCA GGA GAT ATG TCA GCT TAT ATC GCG ACA /V^C GTT ATT TCT 14 
Thr Gin Ala Giy .\op lie Ser Ala Tyr 11^- Al -x Thr A:iM Val lie Ser 
' 320 22 -) 2 30 
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>\.c Ala ;-a'{' ^-.~a ::^aa at? tt^ tt'^ -aa ga.a aa.7 ■ aa^: ": 'a sc: 

11^-* Aif.> r;]y :.; : r. 1 . F!i':> Le... M:\ Gi'j A^:. Lc-j : hr:- Asn r - ■ 

^-1'^ /.I- 

A': CGT CG7 GGS ATI' GA: GCT GG'I' TG: TGA GTA 'IG'A "^GT gtt g?t ':^gt 
rie A:q iTo Al^ T ■ ^: A^p Ala Gly Ser Gei \' "i ^ ■ l A! q '/a I 'U ■ " ■/ 
250 G5^. 2Gu 

TGA GGA G.^VA AGG Ay\A G'"A ATG A/^G AuA.A GTT GGG GGT Al'l: GTT GGT ?TT 
Ser Aid Gir. lie Lys Ala Met: Tys Lys Va 1 Al o Gly Ihr Leu Arc Leu 

^'^ S 2 '/ 0 2 7 

GAG TTG GGT TGI' GAG GGT GAA GTT GAA GGG TTG AGA 'AA TT*: C-GT TGG 
As p Lou A . ci G t: r His A r g G I u Lti u G i u A 1 d I h e G 1 : i "An P h ^ • : y S e r 

2B0 29 c '2^1^ 

GAT TTG GAT GGG GGA AGA GAA GGT AAA GTT AAT T'^T GGA GGT Gil" AGA 
Asp L^u Acp Al^ Ala Tr.r '"An Ala Lys Leu Asn Ar-i ^Gv Arq A-.i 'I n r 
"^0 0 3 OS " ^ s . ■.; 

3TT GAA GTG GTT AAA GAA 'TGA GTT GAT AAG GGA GIT ^-^GG GT^T GAA AAA 
Val Giu Val Leu Lys Gin Vro Leu His Asn r Leu r' : o I'a 1 Glu Lv:-^ 
315 32 1 ) 32 S 

GAA GTl' 2TT ATT GTT T.AG GGT TTG AGA CGAT GGG T 1 T^I'G GAG A^'^T GTT 
Gin Va: Leu He Leu Tyr Ala Leu -^nr U : Gly FT-. L,-u Asp Ser Val 
3 3 0 3 3b 3 A 0 

GGG GTT GAT GAA ATG TTG GAT TTT GAA GAA GGG ^/:'<: '2AT GAG TAG TTT 
Pro Val Asp Gin He Leu Asp Phe Glu Glu A^... Leu 'lyr Asp Tyr ?hti 
345 3bO 355 

GAT AGG GAT CAT GAG GAT ATC TTT GAA AGA ATG 2GT TGA AGT A/\G GAT 
Asp Ser His His Glu Asp ::e Phe Glu Thr He Arq Ser Tnr Lys Asp 

3 60 3 65 37 0 ' 17 5 

GTT GGT G/tA^ GAA GGT GTG GTT AAT G/uA GG^'I' ATG ilAA GGT T'l^G A/vA GAT 
Leu Pro Glu Gi u Ala Val Leu Asn Glu Ala lie Gir: Ala Phe Lys Asp 
3 8 C 3 8 5 3 9 0 

GAA I'GG GAA TAG AAA TAGAGATAGG GAGGAGAGGA T ATG GGA GGG T':" 1 GTA 
Gin Ser Glu Tyr Lys MeO Ala Gly G'-r Leu 

3 9 5 1 

AGA i^AA ATG A/vAv GGA AAA ATT GG'I TGA ATT AAG -^TxA. AL'G AGT G/\T AT^f 
Arg Giu : i ^ Lys Ala Lys He Ala Ser Z ] l.-y.^^ 'G Tr:t Ser His 1 1 f 
10 15 2 0 

AGA GGA GCC ATG GAA ATG GTT TGT GGT TG'7 AAA T'G AGA GGT TGT GAG 
Thr Gly Ala Met Gin Met Val Ser Ala Ser Lys Leu Thr Arq Ser Giu 

30 35 

GAG GGT GGT AAA GAT TTG GAA ATG lAT GGG TuA A.AA Al'T AGA GAG ATG 
G:n Ala Ala Lys Asp Phe Gin He Tyr Ala Ser Lys lie Arg Gxn 1 
4 0 4 5 5 0 

AGA AGA GAT GTT GTA GAT TGA GAJ-^ TTG GTT /^G GGT T'-^T TGA l\AT GTG 
Thr Tnr Asp Leu Leu His Ser Glu Leu Val Asn Gly Ser Ser Asn Pro 

55 60 65 

ATG TTG GAT GGA GGT CCA GTT GGT AAG TGA GGG TAT ATT GTG ATT AGT 
Met Leu Asp Ala Arq Pre Val Arg Lys Ser Gly Tyr He Val H Tr. r 



70 



6 0 
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TCA GAT A/^G GCA TTA GTT GGA GGA TAT AAT 'I CA ACG ATT Z'V:' /*.A'\ G'.: : ^ 

S^r Asp Lys GLv Leu VTi 1 Gl y Giy Tyr A::r. oer Tn: I ] Leu Ly; Ala 

9 I") ^-i '\ J 0 1 ; 

GTG TTG GAT ATG ATT A/A^\ CGT GAG CAT GAT 7'CT GAA GAT GAA TAl GCT 

Va i L';.' u Asp M* • ^ lie Ly s A r g A:^ p H i 3 A p -z e z G L u A;; p G 1 u T y : A^ rj 

1 0 b JIG 115 

ATG ATG TCT ATT GGT GGA Ar:A GGT TCA GAT TTG TTC /^vAA GCT GGT AAC .j' 

lie lie S e r 11^ Giy G 1 y Th r G I 5 e r A:5 p Pn e p h e L y s Ai a Ar As n 

120 130 

ATG AAT GTT GCT TTT G/V\ CTT CGT GGC CTT GPJk GAT GA.'\ GCT AGT TTG 1 l' 

Met Asr Vai Ala Fhe Giu Leu Arq Giy Leu Gl u A^p Gin I'ro Get The 

13b 1 4 0 M 

GAT CAJ^. "TI G 'JGG GAA ATG ATT GTA AA/\ G'.'T GTA GGA ATG TAT GAA A/\T I . ' 

Asp Gin Veil Giy GLu I i He Leu Lyn Al i Vai G.y M--^" Tyt G 1 r; Ai:ri 

i 5 0 1 S Id : b S 



GAG r':T riT cat G/^-\ ^--T tat CTG rCT TA" AAT GAi ' 'A: ATT AAT AGT _j . 

G 1 vj Leu Pi.e A::p Glu L':-- '^'V-f- 1''' ' ^V-^ TjT Af;r. Hi."- fi i ; ■ I Arui 'J e : 

1 7 0 1 7 s : 8 ^; 

TTG TTT TGT .AA GTT TGI" GTT 3AA /^\A ATG GTT GGA AVT GGT GAT TTT 17^*- 

Leu Pne :ys Glu Va 1 Cys Va 1 Glu Lys Met J.eu Pro lie Ala Asp Phe 

18 5 1 9 C I 9 S 

GAT CCT AAT GA^ TTT GAA GGC GAT GTA TTG ACC AAG TTT GAA TTG GA/\ : 7 ^ 7 

Asp Pro Asri Glu Phe G^u Giy His Val Leu Th r Lys Pne Glu Leu Giu 

2 0 Ct COG 2 1 C 

CCA AGT I'GT GAT ACT ATT TTG GAT CAA CTT TTG GCG ACA ATA GTG GGT 1-45 

Pro S e r Cys As p T h r I ^ e Leu As p Gin Le u Le u Pre IT. r lie Val Giy 

2iS ' 220 225 

GAG AGT TTT ATC TAG GGT GGl' ATG GTA GAT G /'^ AAA. ACA 7GT GAG CAT . : ^ 

Giu Ser Pne r^e Tyr Giy Ala He Val Asp Ala Lys Tnr Ala Glu Mis 

2 3 0 2 J 1 7 4 C 2 ^1 5 

GGT Gu'T GGT ATG ACC GCA Al'G GAG ACT GCG A "^T GAT AAT GCT A.AG AA,A I -i 4 1 

Ala Ala ^^ly Me r Tt;r Ala Met Gin Tnr Ala Thr Asp Asn Ala Lys I_,ys 

2 50 2 55 2 60 

ATA ATT AAC GAT TTA ACA Al'T GAA TAG AAC GGT ':;CA CGT GAA G TA GGC 1 4 4 

lie He Asn Asp Leu Thr lie Gin Tyr Asn Arq Ala Arq Gin Al-i Ala 

265 2 /1) 27 5 

ATT ACT GAG GA^\ ATC Af^'T GAG /\TT GTT G(;g Gil GGT .^GT GCA '"TT G/\A iO l'C 

He Thr Gin Glu He Thr Giu He Val Giy Giy Ala "er Ala L^ju Glu 

2 8 0 2 8 5 2 9 0 

TAGCTAGAGA TTTCTCTTGA TTTGAGATAC AATAAAAA.GG GAl'GATl'Gl^C ATG^-AGA>vAv/G V-'^'; 

GTTCATA/\GG AGAAAACA ATG AGC TCA GG^7 PxA.A ATT GGT ^IV-ZJ GTT GTT GGT 1-4- 

Mel Ser Ser G^y Lys He Ala Gin Val TGn 1 . y 

1 '5 i 

CGT GTT GTA GAG GTA GCG TTT GGA ACT GGC GAT /AAA GTT CCT GA'^ ATT lh76 

Pro Val Val Asp Vai Ala Phe Ax a Tnr Giy Asp Lys Leu Pro G 1 lie 

.5 C ? ' . 
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A/"\r Ti' ; '^-'i'':: g^t tac a^^t 'JA-j A/\'j /uV-. a:/: :r7 ac^^a ■ ^- at^- 4.: 

A5 i \ As n Ala Lew '/a i '/ a ^ T y r 'l' : : : G ^ u i. ■/ : ; I '/ : , r v : ■ . - ■ :.i A r 1 /•. : j lA- f 

GTG CTC GAA G'I'A OCT TG'.; TTG .AA/^ CTT GGA GAA GGT 'ri'G GTT CGT AG 7 A/ -. 

Vai Leu Glu Va 1 Ala Ser Leu Ly- Lej Gly Giu Gly '.'.'il 'Gal Ar :) Thr 

4 S fj G 

ATT GCG ATG GAA TCT ACT GAT GGA TTG ACT CGT GGG GTA G.A^ GTT GTG 1^41. 

Tie Ala Mf?r. Glu Ser Thi Asp Gly Leu TJi r Ar;^ Gly L^u Glu Va 1 Leu 

6 J 6 5 0 ■ • ^ 

GAG ACA GGT CGT :CA ATG ACT GTT OCT GTT GGT AAA GAA GTT GT 1 GGA 

Asp Thr Gly Arg ?rD II.- Ser Va 1 Lt.:. Va 1 'Ay i -y;, , r^^,^. 

GGT GTG TTT AAC GTG CTT GGA GAT AGG AT'G GA'/ ATG G/vA GGA CGI TTT l-^- 

Arg Vai Phe Asn VaJ. Leu Gly Asp Thr Tie A.^p Met G gu Ala Pro Phe 

9 5 10 0 i 0 5 

GCA GAT GAT GCA .^AG GGT fJAA GCA ATT GAT AAG AAA G^ V^ CGT A ' TT'^ [[^r^-] 

A^a Asp Asp Ala 1 u A-:} G L.. t'ro lie liir. Gv' L','- Air. Fg- Tr, r Flu ■ 

110 : I 5 ' 1 G : 

GAT GAA TTG TGA AGA AGT ACT GAA ATC CTT GPJ. A''G\ GGG ATT AAG GTT '^'A^^' 

Asp Glu Leu Ser Thr Ser Thi Glu He Leu G^u Ti:r Gly ^le 'y^ Va ] 

125 130 ^3G 

ATC GAC TTG CTT GCG CCT TAT CTT AAA GGT GGT A>A-G GGG GGA GT^ TTC 1108 0 

He Asp Leu Leu A:.a Pro Tyr Leu Lys Gly Gly Lys \'a 1 Gly Leu Phe 

14 0 i 4 S 1 5 ' j ^55 

GGT GGT GCC GGT GTT GGT AAG GCC GTT CTT AT-^' GAA r;AG GTG .AAG CAG 2 12f- 

Gly Gly Ala Gly Vai Gly Lys Ala Vai Leu I i ^■ Gin ^Au Leu A^r His 

160 16*^' l-r; 



AAC ATT GCT C/\/v G^^\ CAC GGT GGC ATT TGG GTG 
Asn Tie Aia Gin Glu His Gly Gly He Ser Vai 
1 7 S 1 e C 



i »■ 1 



(2) INFORMATIOIJ FOR 5F0 TD NO: 11: 

fi) SEQUEIJCL CfL^^PACTBF'.ISTICS : 

(A) LENGTH: 212 ammo acia^ 

(B) TYPE: amino acid 
(D) TOPOLOGY; linear 

(11) MOLECULE TYPE: protein 

(XI) SEQUENCE DESCRIPTIOK: SEQ ID rJO: .1: 

Asp Ser His Leu His Ser Arg Leu Leu Glu ^rq Ser Ala Lys '--u Gr^- 
i S TO IS * 

Asp Asp Leu Gly Gly Gly Ser Met Thr Aid Leu ? r 1:- Ilf Gin Thr 

2 0 2 b 3 0 

Gin Ala Gly Asp Tie Ser Ala Tyr Tie Ala Thr Asn Vai He 3er He 
3 5 4 0 43 

Thr Asp G 1 V Gin Tie Phe Leu G 1 r. Glu Asn L- u ^ ^ '.^ s n Ser ''^ ■ • • ^ 1 ^ 

55 6C ^ 
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Arg Pro Aia lie hsp AJ a Gly Sr-r :^^r 1 Arq Vci: Gly Giy S.m. 

f^S 7''; -^b ' Hf; 

Ai,i Gin i I.y:"; Al.i Met Ly s Lyj Va 1 Ala 1 V Thr G"_-n Ar i.-zii Aur.. 

n S '^j ^ ' 

Ge u Ai a 5; - r i A r q 1 u L \i G 1 u Ala P :i e Th r G ^ r. P h e Gly S o r" Af-i p 

IOC 105 iiO 

Leu Asp Ala Ala Thr Gin Ala Lys Lfw Aon A t q Gly Arq Arg Thr Va 1 

120 ' 125 

Glu Val Leu Lys Gin h'r o Lou H.i:- Ar.n pro L<ju L'ro Va 1 Glu Lys Gin 

: 30 I 3G 14 0 

Val Leu 11- Leu Tyr Ala Lfmj Thr Hrs Gly Ph- f.-a Asp Ger V.:u ! Pro 

145 15'. 15^ ' lt<j 

Vdl A5r> Gin He leu Asp F^:e Glu Glu A^a Leu Tyr A^p Ty: hne A:ip 

: h 5 ' 17(1 ■ 1 / 5 ' 

Ler Mii His olu A:; p II- Ph- Glu Thr I]''- Arq G--r Thr Ly^ A^f^ Le^^ 

18C 185 IM''; 

Pro Glu Glu Ala \'a^ Leu As n G^u Ala He Gin A.u Pho Lys Aup Gin 

19 5 2 0 C 2 0 5 

Ser Glu Tyr Lys 

2 1 0 



(2; INFOP.MATION FOR SEQ ID NO: 12: 

{\) oKQUEKCE C!IA:V\CTE-:r: STICG : 
I A) LFr^GTH: 29 3 amino ucicis 
{ 3 ) T Y P hh amine a ci a 
f D) TOPOLOGY : 1 i nea r 

(11) MOLLCULL TYPL: proteir. 

GEQURNGL LES G : PT I ON : SEQ ID llO : 12: 

Mt^t Ala Gly Ser Leu Arq Glu He Lys Ala Lys lie Ala Ser II- Lys 
1 5 10 ' .5 

Gin lin r S e r i i : s H e Th t G ] y Ala Me t Gin Me t Va 1 G r A^ a G e r Lys 

2 0 2 5 3 0 

Leu ^Tir Arg Ser Glu Gin Ala Ala Lys Asp Pn^- C^In lie Tyr Ala Ger 
3 5 A 0 4 S 

Lys IJe Arg Gin He Th: Thr Asp Leu Leu His Ger Glu Leu Va : Asn 

i 0 5 5 b ;j 

Gly Ser Ser Asn Pre Met Leu Asp Ala Arg Pro Val Arg Lys Ser Gly 

6 ^ 7 0 7 5 , J 

Tyr He Val He Thi Scr Asp Lys Giy Leu Val Giy Gly Tyr Asn Ser 
8 5 9 0 ' ^ 95 

Thr He Leu Lys Ala Val Leu Asp Met IH Lys Arg Asp His Aso Ger 
100 105 JIO " 
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41 



Giu '^^^ ^'yi^ 

; 1 



i.. -^iv Tl.: .^V ^-r A.v 



;n V.il. Ala Phe Oi' 



Ph- -V>^ Arq Asn Mel Asn 

1 3 J 

..^ r:w, Pro Ser Fhe Asp Gin Val Gly G : - ^^-^ 

,:V Met ^yr Gin As. Gl. Le. Pho Asp Glu .e. Ty. V.. Cys ^y. As n 

I <:> 5 



H^.^ H^s lie A.n S^r L.u .ne Cy. Glu Val Gy. V. 1 Glu Ly. Met 
180 

P.o lie Ala Asp Ph. Asp , .o Asn G.a Ph. Glu .G . y H ^ Val h.u I.r 

i9b ^-^^ 

:^Y:: Pne Glu Geu Glu Fro Ser Cy^ Asp Thr . I- T 
210 ^ ^ 



wro Thr lie Val Gly GLu 3er Phe ll^'-- Gy. 



2 30 



Gly 
2V> 



,1 i lie Val Asp A. a 
240 



Th. Ala Ulu H.s Ala Ma Gly Met Th. AI . M.t Cin Th. A.. Thr 
245 '^^-^ 
.sp Asn Ala Lys .ys He . .e As. A.p .e. Tnr Tie .In Ty. A... A.. 

260 

Ma A.. Gin Ala Ala He Thr Gin Glu 1 1 Tn. Glu lie Va . G.y Gly 

O ^ D U 

Ala Se- Ala Geu Glu 
290 

\2\ INFOHMATIOM FOR SEQ ID NO: ]3: 

M) SE0U?::4GE CHARAGTERISTICS : 
:A) LENGTH: 182 amino acids 
(5) TYPC: amin.o acid 
(D) TOPOLOGY: linear 

Uil MOLECULE TYPE: protein 

(XI) SEQUENCE DESCRIPTION: SEQ iD No: 13: 



Met Ser Ser Gly Lys Ue Ala Gin Va^ Val Gly Pro V.: Val A.p Val 

1 = 

p- a^. -hr G1-' A^-p Lys Leu Pre Glu He A^n As.> Ala Leu Val 

Aia pp.e Ao-d ihr oij, m-h i^y^ ^ ^.j 

20 

TH. r;:u Lyr> Lvs Ser :.eu Arg Arg Met V.-U L.u Glu Val Ala 

ser Leu Lys Leu Gly Glu G,y Val Val Arg Thr II. Ala Met Glu Ser 

50 

^ r^- Val T.^u Asp Thr Gly Arq Pro 
Thr Asp Gly Leu Thr Arq -^ly ^-^^ Gx-. /a. L^u m p 



65 



geiooMAiJU" 
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I ^ Ser V-:ii r ' '/al '.^Ly L.'/s j^ii Leu Leii >j i y Ar j ^ f'l'i'^ /\::n "/.-4 ; 
L'Mi ^^iy -^-'J" ii'- -'''F' M^^: ''il'J Ala !.'r<. i i A.-^f. A:^ r A^.i Jli. 

1 0 .1 J ij b 1 : 0 

Arg G^u Pro 11^- Lyi; LyiJ Ala Pro Thr F ho A:,p Gij Leu 5^ o r 'I'r.i 

li^ 120 iZb 

Ser Thr G u II- Lou Glu Thr Giy lie Lys Va 1 I j o- Af^p Leu Lo;. Alu 

Pro Tyr Lou Lys GJy Gly Lys Va i Gly Leu Phe Gly Giy Ala G.y Vu I 
1 4 S ibU ibS \ f> \j 

Gly Ly:: Ala a ^ Lou C; 1 n CG ^ Lou Asn r\zn Ilo A i .i Gii'i 1 

16 5 1 / U ] 7 L 

His Gly Gly lie Ser Val 



G:FGfG-:ATic:: p'-g^ :;iic :l 



; ShQUENCF. C ilAPA^l" E R 1 ST 1 GL : 

(A) LENGTH: 914 ba^e pairs 
''3; TYPE: nuclei.; ac:d 
( G ) STRA^IbPG'GESS : Gouble 
( G j T 0 O LOGY : linear 

[11,- MOLECGLE TYPE: DNA (genomic) 

(111) HYPOTHETICAL: NO 

'IV; Aa^Tl -SENSE: NO 

(vG F^PAGKENI' 'lYPE: G-tcLnvlnal 

(vi) CPIGIL'AL SOURGE: 

(A: OPG.M-USN: Phaflia rhodozyma 

fi:-:; EEATURE: 

(Ai PAME/KEY: CDS 
{ B) LCCATTOM : Si . . 824 
[ D ) OTh:EP INFORMATION : /pa r t i a I 
/ coaon_s t a rt " bl 

/product^ "AT ? a s e s u b u i L , p a r L : ci i s o q u n c o ' ' 
/gene= "ATP2 " 

/ s t anda rd_name^- "beta subur.:G^ cG t_he Fl corticn 
Lhe EOEl ATPase*' 
/label- beta subunit 



(XI 1 SEQUEL'CE DESCRIPTION: SEQ ID NO: 14: 
GAATTCTCAA CCTTGAGGGT GACTCCAAGG TCGGIGTTGT GTTCGGACAG ATG A.AG 



GAG CCC CGG GST OCT GGA GGC GGA GTG G'lT TT.^^ ACT GGT TTG AGC AS 
Glu Pro Pro Gly Ala Arg Ala Arc Val Ala Leu Thr Gly Leu Thr 
18 5 1^0 : 9 s 
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GCC GA3 TAC TTC ^GA CAC ^AG '^^AA • '■ -Y^; j , ^.eu i :■ 

c,la Giu Tyr A-J ^'-^P ' ' ' . ^ 

2 0 



c-r T:;T gag '-TG TGT G: ' TTG 

GAG fJvZ ATT G.G C'.A - ; , , va: l^er m. . ^--^ 

ASP Asn lie Fr.e Arq fr.e . b. r -1.. 230 



S S ^ vl, cT^ ^S. % - 

2 35 ' 

^TG GGA GGT ATG CAO CAG CGA ATT AGC A^G .... 

Asp Met 'oiy -ly 1^^- , /bJ 



2 ' J 

, . rr-T GAT '^^AT TTG A'J " -AT 

ATC A-T TCC GTC CAG GCC G.. - - ^ ^ Asp 

lie T:m 5er Val Oln kLh .^a. l.r - f''^' 

•7 6 5 " ' ■ 

- . . TTC G- GAC TTC; GAG GGG A ^ ACT G - •. TG 
CCT GCC CGC GCC AC- ^^^^ ^.^^ ,,,,, . 

Pro Ala Fro A. a .Sr Th. t^n^ 



r^^'v A— -T^AC '--^^ GCT GTC GAT CCC CTT 
TCT CGA GGT ATC GCT GAG TTG ^^1 ; ^^^^ p,o Le.. 

.er Arg Gly Tl- Ala Gla .eu Gly 3,, 
300 

r-r^r AT^^ GTC GGA CAG GAG CAC 

GAT TCT AAG TCC CGA ATG CTC GAC CCC A ^^^^ ^^^^^ 

Asp Ser Lys Ser Arg Met Leu Asp 
31S 

..C GAC ATC GCC ACC AAG ACC CAG AAG ATC CTC CAG GAC TAC AAG TCC 
Tyr Asp He Ala Thr Lys ^hr ..a Lys ^^^^ 
330 

^ ^ Z ^ i nl S Z K i |: 

.^r^r AA^^ AT^' CAG CGA TTC ATG TCG 
CAC AAG TTG ACC GTC GAG CGA GC .GA A.. A . C^^^ 
Asp Lys Leu Thr Val Glu Arg Ala A.g 3-;., 
3 65 

-'vr TTC A-T GGT AT'' GAG GGA ^vA.G CTT 

CAG CCT T.C ^.C. .-x'^ - r.ly 1 1 b i Vt y ■ 

Gin Pro Phe Ala Va . Ala Gin Va. Phe 
3 8 0 

^ ^ :;AG CTT CTT TCC GGA 

C3TT CCC TTG AAG ACT ACT . TG .AG .^C I ^^^^ ^^^^^ 

val Pro Leu Lys Thr Thr .eu . u .er V ^^^^ 

39 5 ^^^^ 

^ ^.r -CT -CT -TC TAC ATG GTT GGT G/.C ATC 

z z z - !;rc 

• r-, 4 15 

4iO 

CCT GAT GTC AAG GCC AAG GCT GCT GCC CAG GCT AAG GA. TPG G^^ . 
Ala Asp Val Lys Ala Lys Al « A.a A.a - 4 
425 

..^T -Tr-TTCGAG GTGTCAGAGT TCTC'V-TTAT GA.\TGTT... 

taagag;^ga gttgtcgaat ..tg.ttc.a. 

ATCTCCTTAA AAAAAAAAA.A A.V^/s/^AAAAA 
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'Bi :YMi:: ar- no .ic:d 

vL'i T^-rCLOCV: iiriear 

(ill MOLE":UL£ TiTE: protein 

(X.M ^jiLQUENCr: DESCRIPTION: 5EQ I L; KG: 1 [; : 

Met Asn G ] u Frc L'ro G] y Ai a Arq Ala Ai :j Val Ala Leu Thr Giy Le-^ 

1 5 1 r; : 

Thi lie Ala Glu 'I'yi Phe Arg Asp G!m Giu Giy Gl- Asp Val P^j L^u 

2 0 ^30 

Phe I^e Asp Asn lie L-hr.- Arg Fhe 'irir Gin Ala Giy Glu V,.il Sf_-r 

3 5 4 0 ^ ^ 

A^ a Lea Leu G 1 \' Ar<j 11" Pro 2 c r Ala 'v'a 1 G ; y T y r 2 ^ r j F- r: o 7' r. i L ^-^ a 

bt'J S5 6v 

2er Thr Asp Met Giy 2.y M-t Gin Glu Ar.:; 1 \ in: ihr i'nr Ly./ Lyr- 



Giy Ser lie Thr 2er Val Gin Ala Val i^yr Val Pro A Asp A^p Leu 
8 5 ^0 9 2 

Thr Asp Pro Ala Pro Ala Thr Tnr Pne Ala His Leu Asp Ala Thr Thr 
100 iOb 110 

Val Leu Ser Arg Giy lie .Ala Glu Leu Giy lie Tyr Pro Ala Val Asp- 
lib 120 125 

Pro Leu Asp Ser Lys Ser Arg Met [^eu Asn F' r o Arg lie Val Giy Glr. 
130 ' 135 ' 14 0 

Glu His Tyr Asp E.e Ala Thr Lys Thr Gin Lys II- L^-j Gin A:.p Tyr 

1 4 5 1 50 1 55 l^C: 

Lys Ser Leu Gin Asp lie lie Ala lie Leu Giy Met Asp Glu Leu Ser 

16 5 1 0 ' 5 

'^lu Glu Asp Lys Leu Thi Val Glu Arg Ala Arg Lys 1 1 r- Gin Arg Ph«^ 
1 B 0 18 5 19 0 

Met S^L Gin Pro Pne Aia Val Ala Gin Val Ttir Giy Tie GV; Giy 

195 2 00 205 

Lys Leu Val Pro Leu Lys Thr Thr Leu Glu Ser I' he L^ys Glu Leu Leu 
210 215 220 

Ser Giy Ala Cys Asp His Leu Pro G^u Ser Ala ['l:e I'yr Mer Val Giy 

2 2 5 2 3 0 2 3 5 2 4 

Asp lie Aia Asp Val Lys A.l a Lys Ala Ala Aia Gin Ala Lys 'Uu Leu 

2 4 5 2 5 (J y ^ 

Ala Ala 
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( B ■ TYF'- : nj.- 1 it i c acria 
fC- STFAj::'Er'::ESS : double 
(D; TO^'JL.'GY: linear 

(ii; MOLECULE TYPE: UNA .'yenomacl 

! Vi , ORIGINAL S:lRCE: 

( A , O RG/vN r G M ; T ri c h d d e r ma r e e 5j e i 

UK] y¥S\T\JRE : 

;Ai NAMfc:/r:F:Y: 

! B I LOCATION : J . . 36 1 
; In OTHER ir:r'OP>lAT] 'JN : /partial 
c-jdo:i_s ta r r = b 

'■■prcauc^^- *'ATLa.j<_- yuLunit, pa:t lal -sequtnre" 

/ cj-^ne - "ATP.'' " 

,'' s *: a n d a r a ^ n a rr^^v " b e t . i u b u n .i c t :• O p o r t i o r: of t h f 

rjfi .\TLaso" 

O. b e I ~ D e * . -'1 - I J u n 1 1. 



ixi) GEQUEN';":E description: GEQ id ^6: 

TACTCGAAGA ATTCGGCA^rO AGGCTGATTG CTCTC^ :xr:cA TCTG':C/vAG ATG TTG j j 

Met Phe 
2 60 

AAG AGC GGC GTT TCG TOO CTC GCC /AGG GOT GCC CGC CCA TCA ATT ACC 103 

Ly s S e r G 1 y Va i 3 e r Get Leu Ala Ar g A O i Aid Arc; E-^ r o S e r lie Th r 

26 5 2 7 3 27 5 

GOT CGA CGA GOT ATG CGA OCA GCC TT 2 C;'"r '"^GA ACC CCC -^TC G' 'G aGG 1^1 

Ala Arq Arq Ala Arq Rio Ala t'r:e Pio A-q :hr Pr<> Loij A ! "i Arq 
2 80 2 8 0^ 2 90 

CTT GCC AGC ACC (ZAG AGC GTC GrVv GAT GGC AAG Al C CAC CAG GTr ATT J ^ 

Leu Ala Ger The Gin Ser Va 1 GLy Asp Gly Lys lie Hi 5 Gin V-il lie 
2 95 3 00 30 5 

GGT GCC GTC GTC GAC Gl''2 /\AG TTC GAG AC'.: ^;CC AAG CTG OCT OCT ATC 2-17 

Gly Ala Va 1 Vai Asp Va 1 Lys Rnt- Asf) Th r Ala Lys Le;^ Pro Pro lie 
310 ^ 3 15 32 0 

■■;^TG AAC GCC CTG GAG A':C ACC AA": AAG A/vC CAG AA.G ^'TG GTC ^''"(- rjAG 2 3r 

Leu Asn Ala Leu Giu Thr Tht Asn Asn Asii GJn Lys Leu Vai Lc^-u Glu 

325 3 30 335 340 

GTG GOT CAA CAC TTG GGC GAG /w.T GTC GTT CGC TGC AT'I GCC Al G GAC 3 ^ 

Va : Ala Gin His Leu Gly Giu Asn Va 1 Va I Aro Cys lie Ala Mei Asp 
3 4 5 3 S 0 7 - 

GGA TCC GAG GGT CTC GTC GTGGTTrr:AA GGCA 5?- 

Gly Ser Glu Gly Leu Va 1 
360 

'2) INFORKATION FOR SE'i ID NO: 17: 

(II G EC C EN C E C liAPACT E F> I G 0 ICG; 
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fAj LL::iGT:i: 104 a::-rio acidf^ 
[ B , 'XYVE : ami ric a c i d 
(p.; TOFOI.OGV: linear 

( ^ 1 ; MOLECULE TYPL : pr:ot:-in 

;;h:gjh:uc:h: descptptiom: seq id no: i/: 

r^-: Vil Se- SP- Leu Ala Arq A] a Ala Arg Pra Sei 
MPt Phe Lv-s Ser- G^y ^ai .^^^^ - - ^ 

1 ^ 



Xle Thr Ala Ar, A.g Ala lie A.g Pro Ala Ph. .r.o A., Thr P.o .eu 



Gin ser Val GLy Asp Gly Lys He Hi. Gin 

, ^ [Tk A c: p T h r A 1 a I . y 5 L " : P 



aa Arq Ala Set 'inr ^^n • - 



Val He Gly A 1 Val Val Asp Vai ...yr, , ^^^^ 

SO 

p,. r-.. Asn Ala I.eu Glu Thr Thr A.'. Asn A.n Gin Lys V^l 

Leu GU. V.l Ala Gl.:: H:3 L^u Gly Glu A.n Val Val Arc, Cys 11. Ala 

8 

Met Asp Giy Ser Glu Gly Leu Va.: 
100 



«iooeflAiju> 



wo 98/1008' 




PCT/DK97/00373 



PATENT CLAIMS 

1. A method of improving the production of biomass or a 
desired product from a cell, characterized by expressing 

5 an uncoupled ATPase activity in said cell to induce con- 
version of ATP to ADP without primary effects on other 
cellular metabolites or functions, and incubating the 
cell with a suitable substrate to produce said biomass or 
product . 

10 

2. A method according to claim 1, characterized by ex- 
pressing in said cell the soluble part (Fi) of the mem- 
brane bound (FqFi type) H^-ATPase or a portion of F] ex- 
hibiting ATPase activity. 

15 

3. A method according to claim 1 or 2, wherein said cell 
is a prokaryotic cell. 

4. A method according to claim 3, wherein said cell is 
20 selected from the group consisting of bacteria belonging 

to the genera LactococcuSj, Streptococcus , Enterocaccus , 
Lactobacillus , Leuconostoc , Escherichia , Zymomonas , Ba- 
cillus and Pseudomonas , 

25 5. A method according to claim 1 or 2 , wherein said cell 
is a eukaryotic cell. 

6. A method according to claim 5, wherein said cell is a 
yeast cell . 

10 

7. A method according to claim 6, wherein said cell be- 
longs to Saccharomyces cerevisiae or Trichoderma reosei . 

8. A method according to any one of claims 1-7, wherein 
35 said cell is transformed or transfected with an expres- 
sion vector including DNA encoding F^ or a portion 
thereof exhibiting ATPase activity under the control of a 
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15 



25 



• ^ ^ r. QAid cell, and said DNA is ex- 
promoter functioning in said ceii, 

pressed m the cell . 

9 A method according to cla.m 8, wherein said DNA en- 
coding Fi or a portion thereof is homologous to saxd 
ceil. 



10 A method according to claim 8, wherein said DNA en- 
coding Fi or a portion thereof is heterologous to said 
10 cell. 

U A method according to any one of claims 8-10, 

wherein said DNA encoding Fi or a portion thereof is de- 
rived from a prokaryotic organism. 



12 A method according to claim 11, wherein said DNA en- 
coding Fi or a portion thereof is derived from Esche- 
richia coll. Lactococcus lactls or Streptococcus thern,o- 
phllus and is selected from the group consisting of the 
.0 gene encoding the Fi subunit P or a portion thereof and 
various combinations of said gene or portion with the 
genes encoding the Fi subunits 5, a, y and . or portions 
thereof . 

13. A method according to claim 12, wherein said DNA en- 
coding Fi or a portion thereof is selected from the group 
consisting of the Escherichia coli. Streptococcus thermo- 
philus and Lactococcus lactls genes atpHAGDC (coding for 
subunits 6, a, 7, P, ^tpAGDC (coding for subunits a, 

30 Y p, e), atpAGD (coding for subunits a, y, P), atpDC 
(coding for subunits P, .) and atpD (coding for subunit p 
alone ) . 

14. A method according to any one of claims 8-10, 
35 wherein said DNA encoding Fi or a portion thereof is de- 
rived from a eukaryotic organism. 
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15. A method according to claim 14, wherein said DNA en- 
coding F| or a portion thereof is derived from Saocharo- 
myces cerevis iae ^ Phaffia rhodozyirta or Tr ichoderma reesei 
and is selected from the group consisting of the gene en- 

5 coding the Fi subunit p or a portion thereof and various 
combinations of said gene or portion with the genes en- 
coding the other Fi subunits or portions thereof. 

16. A vector including DNA encoding the soluble part 
10 (Fi) of the membrane bound (FqFi type) H^-A'I'Pase or a 

portion of Fi exhibiting ATPase activity, said DNA being 
derived from Lactococcus lactls subsp. cromoris and hav- 
ing the sequence stated in SEQ ID No. 1. 

15 17. A vector including DNA encoding the soluble part 
(Fi) of the membrane bound (FqFi type) H^-ATPase or a 
portion of Fi exhibiting ATPase activity, said DNA being 
derived from Lactococcus lactls subsp. lactls and having 
the sequence stated in SEQ ID No. 6. 

20 

18. A vector including DNA encoding the soluble part 
(Fl) of the membrane bound (FqFi type) H"*"-ATPase or a 
portion of F^ exhibiting ATPase activity, said DNA being 
derived from Streptococcus thermophl lus and having the 

25 sequence stated in SEQ ID No. 10. 

19. A vector including DNA encoding the soluble part 
(Fi) of the membrane bound (FqFx type) Fl^-ATPase or a 
portion of Fi exhibiting ATPase activity, said DNA being 
derived from Phaffia rhodozywa and having the sequence 
stated in SEQ ID No. 14. 

20. A vector including DNA encoding the soluble part 
(Fi) of the membrane bound (FqFi type) Fi'^^-ATPase or a 

35 portion of Fi exhibiting ATPase activity, said DNA being 
derived from Tr Ichoderma reesGl and having the sequence 
stated in SEQ ID No. 15. 
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21. An expression vector including DNA as defined m any 
one of claims 16-20 under the control of a promoter capa- 
ble of directing the expression of said DNA in a prokary- 
otic or eukaryotic cell. 

5 

22. A method of optimizing the formation of biomass or a 
desired product by a cell, characterized by expressing 
different levels of uncoupled ATPase activity in the 
cell, incubating the cell on a suitable substrate, ineas- 

10 uring the conversion rate of substrate into biomass or 
the desired product at each level of ATPase expression, 
and choosing a level of ATPase expression at which the 
conversion rate is optimized. 

23. A method according to claim 22, wherein a number of 
specimens of said cell are transformed or transfected 
with their respective expression vector each including 
DNA encoding a different portion of the cytoplasmic part 
(Fi) of the membrane bound (FqFi type) H^-ATPase up to 
and including the entire Fi, each portion exhibiting ATP- 
ase activity, said DNA in each expression vector being 
under the control of a promoter functioning in said cell, 
incubating each cell specimen on a suitable substrate, 
measuring the conversion rate of substrate into biomass 
or the desired product by each specimen, and choosing a 
specimen yielding an optimized conversion rate. 

24. A method according to claim 22, wherein a number of 
specimens of said cell are transformed or transfected 

3(J with their respective expression vector including DNA en- 
coding a portion of the cytoplasmic part (Fi) of the mem- 
brane bound (FqFi type) H^-ATPase up to and including the 
entire F^, said portion exhibiting ATPase activity, said 
DNA in the respective expression vectors being under the 

35 control of each of a series of promoters covering a broad 
range of promoter activities and functioning in said 
cell, incubating each cell specimen on a suitable sub- 



20 
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strate, measuring the conversion rate of substrate into 
biomass or the desired product by each specimen, and 
choosing a specimen yielding an optimized conversion 
rate . 

5 

25. A method according to claim 24, wherein the respec- 
tive expression vectors include DNA encoding different 
such portions of Fi up to and including the entire Fi, 
each DNA in respective expression vectors being under the 

10 control of each of a series of promoters covering a broad 
range of promoter activities and functioning in said 
cell . 

26. A method according to any one of claims 2 3-25 , 
15 wherein the promoter in each expression vector is an in- 
ducible promoter, and each cell specimen is grown at dif- 
ferent concentrations of inducer. 

27. A method according to any one of claims 2 3-26 , 
20 wherein said DNA encoding a portion of Fi up to and in- 
cluding the entire is homologous to said cell. 

28. A method according to any one of claims 2 3-26 , 
wherein said DNA encoding a portion of Fi up to and in- 

25 eluding the entire F^ is heterologous to said cell. 

29. A method according to any one of claims 2 3-28 , 
wherein said DNA encoding a portion of F^ up to and in- 
cluding the entire Fi is derived from a prokaryotic or- 

3U ganism. 

30. A method according to claim 29, wherein said DNA en- 
coding a portion of Fi up to and including the entire Fi 
is derived from Escherichia coli, Lactococcus lactis or 

35 Streptococcus thermophilus and is selected from the group 
consisting of the gene encoding the Fi subunit R or a 
portion thereof and various combinations of said gene or 
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portion with the genes encoding the Fi subunits o, it, y 
and F, or portions thereof. 

31. A method according to claim 30, wherein said DNA en- 
's coding a portion of Fi up to and including the entire F^ 

is selected from the group consisting of the E. coll 
genes atpAGDC (coding for subunits a, y, p, r. ) , atpAGD 
(coding for subunits a, y, P), atpDC (coding for subunits 
3, f: ) and atpD (coding for subunit {] alone). 

10 

32. A method according to any one of claims 23-28, 
wherein said DNA encoding a portion of Fj^ up to and in- 
cluding the entire Fi is derived from a eukaryotic organ- 
ism . 

15 

33. A method according to claim 32, wherein said DNA en- 
coding Fi or a portion thereof is derived from Saccharo- 
mycGs cGrevis iae , Phaffia rhodozyma or Trichoderrna roesei 
and is selected from the group consisting of the gene en- 

20 coding the Fx subunit f\ or a portion thereof and various 
combinations of said gene or portion with the genes en- 
coding the other F^ subunits or portions thereof. 
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